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Bidrag 

til 

de norske alcyonarier. 
(Med 9 tavler.) 

Ved 

James Å. Grieg. 
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Efter aninodning gjennem herr overlæge dr. D. C. Danielssen viste herr pro- 

fessor dr. G. O. Sars mig den store imødekommenled at stille til min disposition 

en sjelden rig og smuk samling alcyonarier, væsentlig pennatulider, indsamlet fra 

de forskjelligste lokaliteter af vor udstrakte kyst, hvorfor jeg ikke noksom kan ud- 

tale min varmeste tak. Herr overlæge dr. Danielssen maa Jeg ligeledes bringe min 

tak for udvist velvilje under udarbeidelsen af dette arbeide. 



Sympodium hyalinum. 
Tab. I åg) 1013, Mi figr 32. 

Zoanthodemet uden stamme, basaldelen, som hos dette exem- 

plar fuldstændig har omspundet en del af stammen afen Cladorhiza, 

er omtrent 0.2 mm. tyk og membranøs, ved polypernes udspring 

danner den ingen fortykkelse. Polyperne synes at være ordnede i 

grupper paa 3—4 individer, de optræder ogsaa enkeltvis og mere 

spredte. 

Polypcellen er retraktil, 1 udstrakt tilstand 1.7 mm. høi, 0.9 

mm. bred ved grunden, cylinderformet, svagt konisk ved basis. (Tab. 

II Fig. 11.) Naar cellen er indtrukken, viser den sig kun som en 

liden vorteformig forhøining. Den er svagt furet paa langs, dog no- 

get mindre end hos Sympodium norvegicum Dan. & Kor. Cellens 

rand er noget indskaaret, saaat der dannes ligesom 8 lave papiller. 

Polypen er 1.5 mm. lang, retraktil, den trækker sig ganske ind 

i cellen, saaat den blir aldeles skjult af denne. Polypens bagkrop 

er 0.7 mm. tyk ved celleranden. Saavel bagkrop som forkrop er 

rigelig forsynet med kalkspikler. Bagkroppen er cylinderformet, glat, 

uden furer, hvad derimod forkroppen har. Forkroppen er ogsaa 

cylinderformet, dog indsnevres den noget lidt under tentakelkrand- 

SemmNMunden er én tværspalte med tykke læber. Tentaklerne er 

lange og slanke, deres aborale flader samt pinnulerne er vel forsy- 

net med spikler og nematocyster. 

Ektodermet bestaar sandsynligvis af polyedriske epithelceller, 

men da cellerne var meget destruerede, kan det ikke med sikkerhed 

afgjøres, endothelet dannes af runde celler som hos Symp. norvegi- 

cum, dog er cellerne mindre. Man gjenfinder ligeledes hos denne 

art de 4 rækker spikler paa svælgets udvendige side (Tab. II fig. 

12). Den hyppigste spikelform er straalespindler (0.080—0.132 mm. 

l. 0.040 mm. br.) (fig. 13 a, b). Spiklerne optræder fortrinsvis lige 

under ektodermet, hvad der bedst kan sees i basaldelen, basaldelens 
I be 
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profundelag mangler nemlig undertiden ganske spikler, medens de 

altid findes i stor mængde lige under ektodermet. De almindeligste 

spikler i basaldelen er Köllikers dobbeltkugler, som paa midten har 

et glat baand (0.108 mm. 1. 0.064 mm. br. 0.016 mm. br. paa mid- 

ten) (Tab. III fig. 24) og vortede spindler (0.128 mm. 1. 0.052 mm. 

br.) (fig. 25), 1 ringere mængde findes kors (0.112 mm. 1. 0.096 mm. 

br) (fig. 27) og dobbeltstjerner (0.104 mm. I. 0.064 mm. br. 0.020 
mm. br. paa midten) (fig. 29). 

Cellen, der er lige saa rig paa kalk som basaldelen, har især 

vortede, brede spindler (0.156 mm. 1. 0.060 mm. br.) (fig. 15) samt 

köller (0.081 mm. 1. 0.040 mm. br.) (fig. 16) sjeldnere er smale 

spindler (0.176 mm. 1. 0.040 mm. br.) (fig. 17), dobbeltspindler (0.200 

mm. 1. 0.064 mm. br. 0.044 mm. br. paa midten) (fig. 18) og nogle 

eiendommelige firkantede spikler (0.124 mm. 1. 0.096 mm. br.j (fig. 

19). I polypens bagkrop ligger spiklerne fordetmeste paatværs af 

polypens længderetning, i forkroppen følger de denne, for atter igjen 

i tentaklerne at indtage den samme stilling som 1 bagkroppen (Tab. 

IT fig. 11). I tentaklerne gaar spiklerne lige ud til den yderste spids 

(Tab. IT fig. 1). Den almindeligste spikel er køllen (0.140—0.176 

mm. 1. 0.036—0.040 mm. br.) (Tab. III fig. 2—4) og lange spidse 

spindler (0.380 mm. 1. 0.064 mm. br.) (fig. 5), af andre spikler kan 

nævnes glatte tynde spindler (0.136 mm. 1. 0.016 mm. br.) (fig. 7), 

tykke uregelmæssige køller (0.140—0.152 mm. 1. 0,044—0.048 mm. 

br.) (fig. 8, 9) og kors (0.172 mm. 1. 0.112 mm. br.) (fig. 10). Tten- 

taklerne er spiklerne som oftest stærkt tornede køller (0.100 mm. I. 

0:032 mm. br.) (fig: 11). 

Samtlige dele af polypen har en gjennemsigtig, skidden gul- 

hvid farve. 

Findested. Den norske nordhavsexpedition station 35. 639 17' 

N. Br. 19 17" V. L. fra Greenwich, 1081 favnes dyb, grund bilocu- 

linler, temperatur * 1,29 C. Ved en feiltagelse kom ikke denne 

art (I expl.) ind i expeditionens generalberetning over alcyoniderne. 

Sympodium hyalinum staar Sympodium mnorvegicum Dan. & 

Kor.*) nærmest, men adskiller sig især fra denne ved spikler i po- 

lypens bagkrop og ved at spiklerne gaar helt ud i tentaklernes 

spidse, hos Symp. norvegicum naar derimod spiklerne kun til den 

yderste fjerdedel af tentaklerne. Spiklernes form er ogsaa forskjellig, 

saaledes findes dobbeltkuglerne hos Symp. hyalinum omtrent ude- 

*) Danielssen & Koren: Nye Alecyonider, Gcrgonider og Pennatulider. Ber- 

gen 1883, s. 14. 
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lukkende i basaldelen, medens de hos Symp. norvegicum især er 

talrige i cellens vægge. 

Stenogorgia rosea. 
bo i tg 10 

Polypstokken er grenet, glat rund, 72 mm. høi, 2 mm. tyk mel- 

lem polyperne. Basaldelen er udbredt skiveformig fæstet til skallet 

af Anomia anomala. Saavel grenene som hovedstammen er forsy- 

nete med talrige knuder, der er ordnede 1 to rader lige til grenenes 

spids, hvor de danner ligesom en liden bred plade. Knuderne 1 

disse rader ligger dog ikke ganske 1 samme plan, idet de ligger snart 

lidt mere til den ene side, snart lidt mere til den anden, denne as- 

symetri er dog ikke saa stærkt fremtrædende, at man kan sige, at 

knuderne ligger spredte. Ordningen er aldeles ens med den, Verrill 

fandt hos Stenogorgia casta*). Disse knuder eller polypceller er 

lave lidet fremspringende, af en oval noget konisk form. Paa det 

aftegnede exemplar ligger alle grene paa samme side af hoved- 

stammen, men det er ikke altid tilfældet, at dømme efter de 1 Ber- 

gens museum værende exemplarer er grenene som regel jevnt fordelt 

paa begge sider af stammen, og igjen delte i mindre grene, denne 

forgrening er dog altid mindre end hos Stenogorgia casta. Tykkel- 

sen er overalt lige. Alle grene ligger i samme plan. 

Cønenchymet er forholdsvis tykt, rigt forsynet med spikler, 

der varierer meget saavel 1 størrelse som udseende. Nærmest ek- 

todermet ligger en samling smaa korsformede spikler (0.052 mm. I. 

0.056 mm. br.) (Tab. I fig. 2), indenfor dem optræder spindler (0.112 

250:248 | mm. 1. 0.024 -0.064 mm. br.) (fig. 3, 4) og køller (0.088 

sm 1(0:044 mm. br.) (fig. 5,61; men ogsaa her findes 

firlinger og kors i stor mængde (0.088—0.140 mm. 1. 0.044—0.070 

mm. br. 0.020—0.024 mm. br. paa midten) (fig. 7—14), kors og 

spindler er i det hele taget de almindeligste spikler i cønenchymet. 

Nogen bestemt orden 1 spiklernes optræden taar man ikke ind- 

tryk af. 

Hele polypstokken er bedækket af et tyndt encellet cylinder- 

epithel med store runde kjærner. Indenfor dette ektoderm findes 

*) Verrill: Report on the Anthozoa etc. Buletin of the museum of com- 

parativ zoology at Harvard college Cambridge Mass. vol. XI s. 30. 
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cønenchymets væv, der er dannet af et hyalint bindevæv, hvori der 

findes talrige bindevævsceller med kjærne. Foruden spiklerne inde- 

holder cønenchymet længdekanaler af forskjellig størrelse, disse ka- 

naler er forsynede med et rundt endothelcellelag (entodermen). 

Axen er 0.38 mm. tyk, rund glat, meget haard og uden kalk. 

Farven er i stammen og de større grene nøddebrun, 1 de mindre 

lysere gul. Axen deles i et ydre hornet parti og en indre kavitet 

(centralstrængen). Et pladeepithel, c. 0.005 mm. høit, med runde 

kjærner omslutter ganske axen som med en skede (Tab. IT fig. 36. 

b.) En egentlig skede mangler derimod aldeles, da cønenchymet 

ikke viser noget spor til fortykkelse mod axen. Ft lignende axe- 

epithel fandt Koch hos Gorgonia verrucosa,*) men hos denne er 

cellerne cylinderformede 1 de yngre grene, polyedriske i de ældre. 

Muligens er ogsaa hos Stenogorgia cellerne cylinderformede i de 

yngre grene, men da jeg ikke havde friskt material til raadighed, er 

det ikke muligt med sikkerhed at afgjøre. Axens hornede parti er 

dannet af talrige, tynde concentriske lameller. Den inderste lamelle 

nærmest centralstrængen differentierer sig skarpt fra de andre, dette 

træder især tydeligt frem ved farvning med eozin eller Mayers alko- 

holiske karmin, idet disse farver denne lamelle, medens de øvrige blir 

ufarvede. (Boraxkarmin har ikke denne virkning, den farver aldeles ikke 

axen). Lamellerne er forsynede med fine længdestriber. Fra den in- 

derste lamelle gaar der talrige fine hornstrænge ind 1 centralstrængen 

(Tab. II fig. 3 d,e), paa tværsnit viser disse strænge sig som et fint ma- 

skenæt, paa længdesnit som tynde tværvægge (cfr. Kölliker tab. XIII fig. 

6, tab. XIV fig. 8,11)*). Hulrummene mellem maskerne er fyldt med 

en protoplasmatisk finkornet farveløs masse, der sandsynligvis har været 

flydende hos den levende koral. Saavel centralstrængens septa som 

dens indhold farves af eosin og alkoholisk karmin. (Centralstrængen 

er omtrent lige tyk overalt, derimod varier axens hornede parti me- 

get, I spidsen af de mindre grene er det kun o.o11 mm. tyk, men > 

i de ældre, tykkere grene og hovedstammen endog op til 0.15 mm. 

Lamellerne aftar i antal og tykkelse mod spidsen af grenene. En- 

hver gren har sin egen selvstændige centralstræng, som ikke staar i 

forbindelse med de andre grenes (cfr. Kölliker). 

Polypcellen er oval, lidet fremspringende og for største delen 

dækket af cønenchymet, 1.5 mm. lang. Cellens vægge er rigt for- 

*) Koch: Mittheilungen tuber Gorgonia verrucosa. Morph. Jahrbuch vol. IV 

s. 269. 

**) Kølliker: Icones Histologicæ, s. 148. 
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synet med kalkspikler, de samme former som 1 cønenchymet op- 

træder ogsaa her, nemlig kors, firlinger og dobbeltstjerner (0.108— 

0.168 mm. 1. 0.076—0.096 mm. br. 0.020—0.048 mm. br. paa mid- 

kenLab. I fig. 21, 22, Tab. II fig. 4—9), dog er spindler (0.158 

—0.208 mm. 1. 0.040—0.0604 mm. br.) (Tab. I fig. 15—17) og køller 

(0.112—0.140 mm. 1. 0.066—0.072 mm. br.) (fig. 18—20) de hyp- 

pløste 1 cellen. 

Polypkroppen er kort, tyk og retraktil, omtr. I mm. lang, 

forsynet med 8 høie ribber. Tentaklerne er tykke og kortere end 

polypkroppen. I polypkroppens basale del er spiklerne spredte, men 

ordner sig meget snart i 8 paa langsliggende rader; 1 hver rad lig- 

ger spiklerne parvis og vender den øvre spids mod hinanden. Fra 

ribberne gaar spiklerne over i tentaklernes aborale flade og derpaa 

ud 1 pinnulerne. Medens spiklerne i cønenchymet fortrinsvis var fir- 

linger og kors, træffer man her omtrent udelukkende spindler (0.048 

—0.184 mm. 1. 0.008—0.040 mm. br.) (fig. 23—33), der findes dog 

ogsaa kors (0.056—0.076 mm. I. 0.036—0.0608 mm. br.) (fig. 34, 35), 

men de er meget sjeldne. Kølleformen er ogsaa temmelig hyppig 

EG 2mm. 1. 0.032 mm. br.) (fig. 36). 

Svælget (fig. 37) er forholdsvis langt, rigt besat med rødfarvede 

spikler, der ligger i 3 paraleltløbende rækker, spiklerne ligger her 

snart enkeltvis, snart flere sammen og 1 alle mulige stillinger. Den 

hyppigste form er smaa spindler (0.044—0.056 mm. 1. 0.008—0.016 

mm. br.) (fig. 38—41), samt nogle lange spikler med et glat baand 

paa midten (0.076 mm. 1. 0.020 mm. br. 0.012 mm. br. paa mid- 

ten) (fig. 42), foruden disse spikler findes der nogle større af samme 

form, men de er langt sjeldnere. Sjelden er ogsaa kors (0.068 mm. 

l. 0.032 mm. br.) (fig. 43) samt nogle eiendommelige timeglasfor- 

mede spikler (0.032 mm. 1. 0.020 mm. br. 0,008 mm. br. paa mid- 

ten) (fig. 44). 
I gastralhulen fandtes talrige runde æg (0.126 mm.) 1 de for- 

skjellige udviklingsstadier, de var som sædvanligt hos koraldyrene 

omgivne af en stilket kapsel, som var meget rig paa celler. 

Baade polypstok og polyper har en smuk rød farve. Spiklerne er 

lyserøde. Q 

Findested: Haakonsund Korsfjord 200 favnes dyb, Konservator 

Nansen. 

Skjønt denne Stenogorgia ligner meget Stenogorgia casta Ver- 

rill, bør den dog opstilles som en egen art, thi samtidig med den 

store lighed, er der saa udprægede forskjelligheder, at de straks fal- 

der 1 øinene. Hos Sten. casta er cønenchymets spikler for det meste 

spindelformede (fusiform), medens de hos Sten. rosea som sagt især 
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er kors og firlinger. I polypkrop og tentakler har begge arter mest 

spindler. Endvidere er kaliclerne hos Sten. casta høiere, af en mere 

pyramidalsk form og har længdefurer, hvad Sten. rosea mangler. 

Danielssenia*). 

En ugrenet gorgonide med skiveformig udbredt basis.  Polyperne 

er ordnede i 2de rader, en paa hver side af stammen, de sidder i 

lave, brede koniske celler, som ved basis er opsvulmede, omfattende 

en del af polypstokken. Axen er hornet rund, glat og uden kalk. 

Cønenchymet forholdsvis tykt. Med undtagelse af polypernes svælg 

og gastralfilamenter er hele polypstokken rig paa kalkspikler; de 

hyppigste spikelformer er spindler, køller og dobbeltstjerner. 

Danielssenia irramosa. 
Tab. Me SSI VE 

Polypstok ugrenet, glat, 47 mm, høi, 2 mm. tyk mellem poly- 

perne, paa de nederste 8 mm. af stammen var cønenchymet afrevet, 

axen var dog uskadt. Basis skiveformig udbredt. Paa begge sider 

af stammen var der en enkelt rad med vel udviklede polyper, der 

snart sad parvis, snart vexelvis. 

Cønenchymet er forholdsvis tykt, det er bedækket af et encellet 

epithellag, hvis celler er smaa lave med et klart celleindhold og en 

liden rund kjærne. Dette ektoderm staar i direkte forbindelse med 

cønenchymets bindevævceller i lighed med, hvad jeg fandt hos Para- 

muricea elegans. Formedelst forbindelsen mellem ektodermeellerne 

og bindevævscellerne er det ofte meget vanskeligt at adskille ekto- 

dermet fra cønenchymet, hvad der end mere vanskeliggjør dette, er 

at bindevævscellerne er i størst mængde i cønenchymets ydre lag. 

Paa grund af denne forbindelse mellem ektodermceller og bindevævs- 

celler tror Koch, at bindevævscellerne skriver sig ialtfald delvis fra 

ektodermet, hvorfra de skulde vandre ind i den hyaline substans. 

Dette synes her at bekræftes, thi paa tværsnit ser det ud, som om 

bindevævscellerne lidt efter lidt er trængt indover mod axen. Binde- 

vævscellerne havde som regel udløbere, der forbandt de enkelte 

*) Slægten er opkaldt efter hr. overlæge dr. D. C. Danielssen, der har gjort 

sig saa fortjent ved sine arbeider over norske alcyonarier. 
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celler. Hele cønenchymets væv er ganske fyldt med kalkspikler, den 

almindeligste form er lange spidse knudrede spindler (0.0372 mm. I. 

0.080 mm. br.) (Tab. IV fig. 1) og rette køller (0.140 mm. 1. 0.044 

mm. br.) (fig. 2, 3), af andre spikelformer kan nævnes brede mere 

eller mindre spidse, næsten glatte spindler (0.116—0.184 mm. |. 

0.040—0.052 mm. br.) (fig. 4, 8), lange bøiede køller (0,236 mm. I. 

oemmm. br.) (fig. 5), kors (0,192 mm. I. 0.112 mm. br.) (fig. 7) 

og dobbeltkugler (0.080 mm. 1. 0.056 mm. br. 0.016 mm. br. paa 

midten) (fig. 6). Cønenchymets spikler er ikke ordnede paa nogen 

bestemt maade. Cønenchymets længdekanaler er store og forsynede 

med et c. 8 u høit cylinderepithel med store runde kjærner. 

Axen er nøddebrun, ved gjennemfaldende lys gul, den er rund, 

glat, uden kalk, 0.3 mm. tyk og bestaar af tynde koncentriske horn- 

lameller, som omgiver en centralstræng. Hornlamellerne har den 

samme bygning, som lamellerne hos Stenogorgia. (Centralstrængen 

er fyldt med en spongiøskornet protoplasmamasse, men mangler al- 

deles ide fine strænge fra den inderste lamelle. Axeepithelet var 

desværre saa daarligt konserveret, at det ikke var muligt at paavise 

andet end løsrevne celler, der hang fast ved axen, det synes at 

bestaa "af lave cylinderformede celler, c. 4 vw høie, med runde 

kjærner. 

Polypcellen er kort, tyk, 0,75 mm. høi, siddende, for største 

delen dækket af cønenchymet, ved basis er den stærkt opsvulmet 

og omfatter en del af polypstokken, hvor polyperne sidder parvis, 

møder de opsvulmede partier hinanden, saaat der dannes ligesom et 

bredt, tykt baand. Cellens rand er forsynet med 8 smaa, lidet frem- 

trædende tænder. Ligesom 1 cønenchymet er ogsaa her de almin- 

deligste spikler lange, spidse spindler (0.392 mm. 1. 0.052 mm. br.) 

pelV fe. 11) og køller (0.172 mm. 1. 0.036 mm. br.) (fig. 13) 

samt desuden dobbeltstjerner (0.124 mm. |. 0.040 mm. br. 0.020 

mm. br. paa midten) (fig. 10), endvidere findes kors (0.1902—0.284 

mm. 1. 0.088—0.112 mm. br.) (fig. 14, 15), nogle for cellen eien- 

dommelige, uregelmæssigt firkantede spikler (0.140 mm. 1. 0.036 

mmebi.) (fø! 16) og glatte stjerner (0.056 mm. |. 0.036 mm. br. 

0.016 mm. br. paa midten) (fig. 17). I cellen og cønenchymet er 

spiklerne lys rødfarvede. Ogsaa 1 cellen ligger spiklerne uden mno- 

gen orden. 

Polypen er retraktil, 1.2 mm. lang, den basale del er hvid, glat 

cylinderformet, 0.5 mm. tyk ved celleranden. Spiklerne i basaldelen 

er ufarvede og ligger uden nogen orden, den almindeligste form er 

dobbeltkugler, som ligner meget cønenchymets, (0.108—0.120 mm. 
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i. 0.050—0.064 mm. br. 0.020—0.024 mm. br. paa midten) (Tab. 

IV fig. 18—19) og spindler (0.188—0.284 mm. 1. 0.048—0.052 mm. 

br.) (fig. 20, 21), desuden finder man uregelmæssige firlinger (0.148 

mm. 1. 0.116 mm. br. 0.044 mm. br. paa midten) (fig. 25), dobbelt- 

stjerner (0.104 mm. 1. 0,044 mm. br. 0.020 mm. br. paa midten) 

(fig. 26), spindelformede spikler med en pladeformig udvidelse (0.228 

mm. 1. 0.064 mm. br.) (fig. 27) og stærkt straalede, spidse spindler 

med et glat baand paa midten (0.180 mm. 1. 0.064 mm. br. 0.028 

mm. br. paa midten) (fig. 23). 

Ved overgangen mellem bagkroppen og forkroppen ligger spik- 

lerne paatværs som et bredt baand. Disse spikler er ligesom for- 

kroppens lysrøde. 

Forkroppen er klokkeformet og forsynet med 8 hvidfarvede, 

grunde længdefurer, forøvrigt er forkroppen ligesom cønenchym og 

celle smukt rødfarvede. Mellem furerne ligger spiklerne paalangs i tvende 

rader, hvis spikler parvis convergerer med sin øverste spids. Hyp- 

pigst 1 forkroppen er lange spidse, bøiede spindler (0.400 mm. I. 

0.052 mm. br.) (Tab. IV fig. 28), sjeldnere er kor GSM 

0.100 mm. br.) (fig, 29), klubber (0.288 mm. 1. 0.064 mm. br.) (fig. 

30), brede, stumpe, paa midten noget indsnevrede spindler (0.080 

mm. 1. 0.020 mm. br. 0.016 mm. br. paa midten) (fig. 32) og korte, 

bøiede stærkt tornede spindler (0.128 mm. 1. 0.028 mm. br.) (fig. 31). 

Svælget, som er kort, er ligesom gastralfilamenterne uden kalk. 

Tentaklerne er noget kortere end polypen, hvid, slank, og vel 

forsynet med hvide kalkspikler i de aborale flader og pinnulerne. Spik- 

lerne ligger ligesom i polypens forkrop paalangs, dog uden at con- 

vergere (Tab. III fig. 33). Hyppigst finder man tykke, brede spind- 

ler (0.188—0.268 mm. 1. 0.040—0.056 mm. br.) (Tab. VI fig. 4, 5) 

og spindelformige spikler med et glat baand paa midten (0.104— 

0.112 mm. 1. 0.032—0.036 mm. br. 0.012—0.016 mm. br. paa mid- 

ten) (fig. 6, 7), sjeldnere er smale, glatte spindler (0.076 mm. 1. 0.008 

mm. br.) (fig. 8) og smaa stærkt tornede spindler (fig. 9). 

Fundet af prof G. O. Sars ved Risør, 30—50 favnes dyb. 

Paramuricea elegans. 
Tab. V, VII, fig. 1—18. 

Polypstokken er grenet, svagt tornet, ru at føle paa, 41 mm. 

høi, 2 mm. tyk ved basis, som er skiveformig udbredt. Grenene 
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danner næsten en ret vinkel med hovedstammen, men bøier meget 

snart opad i en bue i lighed med, hvad Verrill fandt hos Paramuri- 

cea borealis*). Polyperne sidder spredt over hele polypstokken med 

undtagelse af stammens nedre del, de er især talrige paa grenenes 

yderside. Polypcellerne er lave, cylinderformede vorter, som er rigt 

forsynet med store spikler. 

Cønenchymet er tyndt og bedækket af et encellet, lavt epi- 

thel (ektoderm), som ofte synes at staa 1 direkte forbindelse med 

bindevævscellerne (cfr. Koch Muricea placomus) **). Disse bindevævs- 

celler, der har kjærner, indesluttes som sædvanligt i det hyaline binde- 

væv. Cønenchymets ernæringskanaler er bedækket af et c. 5 up høit 

encellet lag af cylinderformede entodermceller.  Spiklerne, som op- 

træder i stor mængde i alle cønenchymets lag og ofte stikker ud 

igjennem ektodermet, er som oftest spindelformede og især bøiede 

rigt besat med vorter og ogsaa hyppigt forsynet med torner (0.164 

08608 mm. 1. 0:036—0.052 mm. br.) (Tab. V fig. 4, 5), de rette 

spindler, der er sjeldnere, er som regel længere end de bøiede (0.300 

—0.516 mm. 1. 0.056—0.080 mm. br.) (fig. 7, 8). Foruden disse to 

spikelformer finder man stærkt knudrede køller (0.240 mm. |. 0.124 

mm. br.) (fig. 9), spindler med et glat baand paa midten (0.184 mm. 

Mosomm. br. 0:024 mm. br. paa midten) (fig. 10) og kors (fig. 11). 

Mellem cønenchymet og axen er der et encellet epithellag (axe- 

epithelet). Dette cellelag er meget vanskeligt at adskille fra det om- 

liggende cønenchym, bedst fremtræder axeepithelet ved farvning med 

guldchloryr og der, hvor axen er løsnet fra cønenchymet, hvad der 

vanskeliggjør paavisningen af dette cellelag er, at cellekjærnen ofte 

ikke kan findes. Cellerne er 4—8 wu høie og forsynede med store 

runde kjærner. 

Røde er kand hornet, uden kalle 03 mm. tyk 1 ørenene. Den 

bestaar af lameller, som aftar i tykkelse indad og opad mod gre- 

nenes spidse; mellemrummene mellem lamellerne er ligesom central- 

strængen fyldt med en spongiøs substans. (Centralstrængen mangler 

det fine traadnet, som findes f. ex. hos Stenogorgia. Paa grund af 

sin løse bygning faar axen paa tværsnit udseende af et maskenæt. 

I hovedstammen er axen gulbrun, men blir lysere, næsten gulhvid i 

de mindre grene.. Af karmin og hæmatoxylin farves axen ikke undtagen 

1 grenenes spidse, derimod farves den meget skarpt af guldchloryr. 

*) Verrill: The Anthozoa etc. Buletin of comp. Zool. Cambridge, vol. 

PULS. 35. 

**) Koch: Das Skelet der Alcyonarien. Morphl. Jahrbuch, vol. IV, s. 453, 

tab. XXIII, fig. 5. 



Cellen er lav, tyk, cylinderformet, omtrent I mm. høi og næsten 

lige tyk, rigt forsynet med spikler, der rager som en tæt krands over 

cellens rand (Tab. V fig. 2). Celleranden er hel. Med undtagelse 

af randspiklerne er spiklerne i cellen gjennemgaaende mindre og mere 

tornede end cønenchymets. Den almindeligste form er spidse, stærkt 

takkede og tornede trillinger (0,176—0,220 mm. 1. 0,088—0,100 mm. 

br.) (Tab. VII fig. 8, 9, 10), endvidere findes spidse, ofte bøiede 

spindler, som hyppig ogsaa har straaler (0.092—0.188 mm. 1. 0.012 

—0.056 mm. br.) (fig. 11—14), køller (0.184 mm. 1. 0.068 mm. br.) 

(fig. 15) og uogle lange, spidse spindler, der er forsynede med tor- 

nede forsatser, Köllikers Spindel mit åstiger Fndplatte, (0.272 mm. 

l. 0.084 mm. br.) (fig. 18). Cellens største spikler findes altid i dens 

øvre parti. Karakteristisk for cellens spikler er, at de er langt mere 

tornede og vortede end cønenchymets og polypens spikler. 

Polypen er cylinderformet, glat c. I mm. høi, retraktil. I dens 

basale del er spiklerne lig cønenchymets; her ligger de i alle mulige 

stillinger, men noget under tentakelkrandsen ordner de sig til et baand 

med tværsliggende spikler, fra dette baand til tentaklerne er spik- 

lerne samlede i 8 paalangs gaaende rækker (Tab. V fig. 2), I ten- 

taklerne, som er forholdsvis lange og tykke, omtr. 0.5 mm. lang, 

naar de er udstrakte, ligger spiklerne paatværs (fig. 3) langs den 

aborale flade, hvorfra de gaar over 1 pinnulerne. Spiklerne gaar helt 

ud 1 tentaklernes spids. I polypens øvre del findes omtrent ude- 

lukkende lange, noget bøiede spindler (0.236—0.800 mm. 1. 0.032— 

0.056 mm. br.) (Tab. VIL fig. t, 2, 3) og rette køller (0:66sgjømm 

0.072 mm. br.) (fig. 4, 5), sjeldnere er rette spindler og bøiede køller 

(fig. 6, 7). Ogsaa her er spiklerne tornede og vortedefomfendg 

mindre grad end i cønenchymet og cellen, men hvad der især ad- 

skiller polypens spikler fra de andre spikler er størrelsen; dette gjæl- 

der imidlertid kun spikler fra polypens forkrop. Farven er overalt 

ren hvid, næsten gjennemsigtig. 

Fundet af professor G. O. Sars ved Hviddingsø, 100—150 fav- 

nes dyb. 

Denne Paramuricea staar meget nær Paramuricea borealis Ver- 

rill, hvad der adskiller dem er, at Param. elegans har en tæt krands 

af spikler rundt cellens rand, medens Param. borealis kun har 8 

enkle spikler, ogsaa spikelformerne, især cellens og cønenchymets. 

er forskjellige. Heller ikke synes Param. elegans at være identisk med 

Param. tenuis Verrill, * da denne art har 8 grupper med randspikler 

i cellen; kaliclerne er heller ikke som hos Verrills Param. tenuis op- 

*) Verrill ibidem s. 38. 
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svulmede ved basis. Verrills beskrivelse mangler imidlertid tegnin- 

ger og er saa kortfattet, at det ikke er muligt med sikkerhed at af- 

gjøre identiteten. 

Protoptilum tortum. 
fabVe he ron20 baby VIK 19.102. 3: 

Polypstokkens længde er 143 mm., deraf udgjør rachis 87 mm. 

Stilken har i den øvre del samme bredde som rachis, c. 3 mm,, 

men tiltar lidt efter lidt nedad 1 tykkelse og ender i en aflang bul- 

bus, som er c. 4 mm. tyk paa det bredeste. I stilkens øvre halvdel 

er der en enkel rad med smaa spidse papiller paa den dorsale side, 

forøvrigt er stilken glat og rund. 

Lige fra rachis begyndelse snor den sig opad i en venstre dreiet 

sørel (Tab. VIII fig. 1, 2); stilken er derimod lige nedstigende. 

Denne snoning af rachis synes at tiltage med polypstokkens udvik- 

ling og begynde først paa et forholdsvis fremskredet stadium. Rachis 

eøisær 1 den øvre del, meget rig paa polyper, der som oftest er 

ordnede 1 skraatstillede tværrækker paa 2—4 individer. Rækkerne 

gaar fra den ene laterale side til den anden uden at levne nogen 

fri midtlinie, meget ofte skjærer rækkerne hinanden, saaledes at 2 

fra modsat side kommende rækker har en polyp fælles, denne polyp 

staar i saa tilfælde altid i midten. Som regel er alle polyper jevnt 

udviklede, man finder dog undertiden nogle mindre udviklede poly- 

per, som da altid ligger i midten. Fnkelte enlige rudimentære po- 

lyper findes ogsaa stundom i midten. Foruden polyper har den 

flade dorsalflade zooider, men de er dog hyppigst paa lateralsiderne. 

Nærmest ventralfladen danner de ligesom et bredt bælte, hvori der 

hist og her findes en polyp. Dette bælte danner grændsen mellem 

lateralfladerne og ventralfladen, som er rund, nøgen glat, 1.5 mm. 

bred. 

Polypcellen er 2—3 mm. lang, siddende, med den indre side 

fastvoxet til rachis. Det øvre frie parti er tykt, bredt cylinderfor- 

met. Celleranden er glat, dog findes der paa den frie side en liden 

tand, som er meget rig paa spikler. Polypen er cylinderformet re- 

traktil, glat, omtrent af samme længde som cellen, kalkløs. 

Tentaklerne (Tab. VIII fig. 3) er meget lange, slanke, forsynede 

med 15 par pinnuler. Paa den aborale flade har de en enkel tynd 

rad med farveløse, spidse spikler (0.029 mm. 1. 0.007 mm. br.). 
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Spiklerne naar aldrig helt ud 1 tentaklernes spids, nogen bestemt u d- 

strækning synes de dog ikke at have, undertiden naar spiklerne knapt 

halvveis, til andre tider gaar de næsten helt ud i spidsen, de varie- 

rer med andre ord meget. Sarcosomaet er især paa stilken tykt, 

blødt og forholdsvis fattigt paa spikler. Spiklerne er farveløse, å 

stilken meget smaa og spredtliggende, i rachis er de talrigere, men 

dog ikke saa talrig som i cellen. Spiklerne 1 cellen og rachis er 

spidse stavformige 0.133 mm. 1. 0.018 mm. br. Sarcosomaet er be- 

dækket af et høit encellet ektodermlag. De 4 store længdekana- 

ler samt de talrige ernæringskanaler har et 5—7 wu høit cylinder- 

formet epithel. 

Axen er kalkholdig, bøielig rund, lys gul, 0.15 mm. tyk. Den 

er ikke fuldt saa lang som polypstokken (her 134 mm. 1.) og ender 

1 den nedre ende stump. 

Axeepithelet er meget høit (14—21 u) cylinderformet, cellerne 

er klare, meget smale med tydelig membran og rund kjærne. Mel- 

lem cellerne gaar der fra skedens hyaline bindevæv udløbere til axen, 

undertiden naar de ikke saa langt, af og til kan de dog forfølges 

som tynde, fine traade langt ind i axen *). 

Rachis er som sagt med undtagelse af den ventrale side me- 

get rig paa zooider, dette gjælder specielt de laterale sider. Paa 

den dorsale flade er zooiderne sparsommere og optræder mere en- 

keltvis mellem polyprækkerne, af og til danner de smaa grupper paa 

3 individer (Tab. VIII fig. 19). Paa lateralfladerne er der som regel 

ikke nogen stor orden i fordelingen af zooiderne; undertiden danner 

de skraa rækker paa 3—4 individer, rækkerne gaar fra den dorsale 

side til den ventrale, andre steder er zooiderne ordnede 1 grupper 

paa 3 individer eller ligger enkeltvis (fig. 20). Zooiderne ligner smaa, 

ovale vorter med en rund munaabning, de er ikke omgivne af spik- 

ler. I bunden paa enkelte polypers gastralhule fandtes store, ovale 

æg (0.388 mm. 1. 0.208 mm. br.), i den øvre del meget excentrisk 

laa den ægformede nucleus (0.024 mm. 1.). I et af æggene fandt jeg 

3 kjærnelegemer, hvoraf et stort. Protoplasmamassen 1 nucleus var 

lysere af en finere kornet struktur end det egentlige ægs. Som sæd- 

vanligt var ægget omgivet af en tyk flercellet kapsel. Imellem denne 

kapsel og membrana vitellina er der en tynd hyalin hinde, (cfr. 

*) Koch: Das Skelet der Alcyonarien. Morph. Jahrbuch, vol. IV, sid. 462 

tab. XX 40. 10, TI. 

Koren og Danielssen: Nye Alecyonider, Gorgonider og Pennatulider, s. 25 —28. 
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Lacaze-Duthiers), *) som med lethed lader sig løse fra mem- 

brana vitellina, men derimod ikke fra capsula cellularis. — Farven 

overalt rødbrun. | 

Findet af prof. G. O. Sars ved Vadsø. 

Stichoptilum. 

Pennatulider tilhørende familien Protoptilidæ med udpræget bila- 

teral symmetri. Rachis længere end stilken, som ender i en bulbus. 

Polyperne, som er forsynet med celler, er retraktil, siddende og ord- 

net i to rækker paa hver side af rachis; den ydre række polyper er 

vel udviklet, den indre derimod mere eller mindre rudimentær. Cel- 

Jen cylinderformet med 8 lidet fremspringende tænder. Ventral- 

fladen nøgen. Zooiderne i 3 rækker, en indre langs den dorsale 

midtlinie og en ydre paa hver side af rachis langs de fuldt udvik- 

lede polypers yderside. Axen er stiv, rund og spids i begge ender. 

Kalklegemer i polypstok, celle og tentakler. 

Suchoptilum arcucum. 
debe VL ae 40 ap 

Til undersøgelse forelaa 3 exemplarer af denne art. Det mindste 

exemplar maalte 234 mm., rachis 171 mm., det største 310 mm., 

hvoraf rachis 230 mm., som man ser, er stilken betydelig kortere 

end rachis. Stilken, som er rund og glat, er paa det smaleste lige 

under rachis (2 mm. tyk) og tiltar nedover lidt efter lidt for tilslut 

auende i en! aflang bulbus, som paa det tykkeste er 3.5 mm. 

Rachis er c. 2.5 mm. bred og stiv. Den dorsale flade er rund 

og rigt forsynet med polyper, som ordner sig i 2de rækker paa hver 

side af den dorsale midtlinie, hvori der kun findes en enkel rad zooi- 

der. I den ydre rad er polyperne vel udviklede og store med und- 

tagelse af dem, der findes i rachis nederste parti. Disse og den 

indre rad polyper er smaa og lidet udviklede. I den nederste del 

af rachis mangler den indre rad polyper; midtlinien har her en grund 

fure. Polyperne sidder snart vexelvis, snart parvis, nogen bestemt 

-*)Y Lacaze-Duthiers: Histoire naturelle du corail, tab. X fig. 47. 
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gruppering I tværrækker som hos Funiculineæ*) sees ikke. De vel 

udviklede polyper og de rudimentære optræder afvexlende, saaledes 

at der mellem to par udviklede polyper, som regel er et par rudi- 

mentære. Den ventrale flade er nøgen, glat, rund, c. 1.5 mm. bred. 

Polypcellen i den ydre rad er som sagt vel udviklet, sid- 

dende, bred, cylinderformet, glat, 1.1 mm. høi. Randen er for- 

synet med 8 smaa, lidet fremtrædende tænder. Spiklerne er talrige 

1 cellen, især findes de i stor mængde 1 tændernes ene side, medens 

den anden side somoftest er næsten spikelløs (Tab. IX fig.6). Spik- 

lerne rager aldrig udover randen, de ligger fordetmeste paalangs og 

er smale, spidse, 0.210 mm. lang. | 

Polypen er uden spikler, omtrent af samme længde som cellen, 

retraktil cylinderformet og forsynet med 8 svage længderibber. Ten- 

taklerne er noget længere end polypkroppen (c. 1.4 mm. 1.), slanke, 

forsynede med 14 pinnuler paa hver side. Langs den aborale flade 

er der en fortløbende rad med smale, spidse spinkler (0,070—0.112 

mm. 1.), som gaar fra tentaklernes basis til spidsen (Tab. VIII fig. 

4). Polypcellerne i den indre rad ligner tykke, koniske knuder om- 

trent 0.3 mm. høi, ogsaa her har celleranden 8 smaa tænder. 

Axen er gul, rund, meget stiv paa grund af dens store kalk- 

rigdom, af samme længde som polypstokken, den ender baade opad 

og nedad 1 en spids, 0.5 mm. tyk. Dens mikroskopiske bygning er 

aldeles ens med Protoptilums*). æAxeepithelet er 8—11 ua høtt, 

cylinderformet, cellerne har runde kjærner og har omtrent halv saa 

stor bredde som høide. Celleindholdet er klart. Radiære udløbere 

fra axeskedens hyaline bindevæv til eller ind 1 axen har jeg ikke 

kunnet paavise selv ved den stærkeste forstørrelse. 

Sarcosomaet, som er tyndt, er rigt paa spikler af lignende 

form og størrelse, som dem i cellen. Den nederste del af stilken 

er sparsomst forsynet med spikler.  Sarcosomaet er dækket af et 

0.029 mm. høit, encellet cylinderepithel, hvis celler er meget smale, 

cellerne er tykkest der, hvor dens lille, runde kjærne ligger, og til- 

spidses noget mod enderne, kjærnen synes ikke at have nogen be- 

stemt plads i cellen, cellemembranen er meget tynd (Tab. VIII fig. 

5 b). Hist og her mellem ektodermcellerne er der nogle store, tykke 

celler (fig. 5 c), som meget. ofte rager udover de andrefeele 

bunden af disse celler ligger den uforholdsmæssig lille kjærne, cellemem- 

branen er lidt tykkere og celleindholdet mere kornet og stærkere 

*) Kølliker: Anatomisch systematische Beschreibung des Alcyonarien I Die 

Pennatuliden, s. 243 og 250. 

**) Kølliker ibidem s. 370. 
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lysbrydende end i de egentlige ektodermceller (Tab. VII fig. 5 c). 

Hvad disse cellers funktion er, har jeg ikke kunnet finde, muligens 

er de slimceller, noget bestemt kan jeg dog som sagt ikke sige. 

Cellérnes struktur traadte skarpest frem ved behandling med I 9%, 

osmiumsyre og derpaa farvning med hæmatoxylin ('/y—! time os- 

miumsyre, udvadskning, nogle timer tynd hæmatoxylin, affarvning, 

alkoholbehandling etc., farvning in toto med hæmatoxylin og der- 

paa snitfarvning med eosin eller pikrinsyre gav ogsaa meget smukke 

resultater, pikrinsyren synes dog i tidens løb at virke blegende paa 

hæmatoxylinen*). 

Den ventrale og de to laterale hovedkanaler er langstrakte, medens 

den dorsale, som er den største er rundagtig trekantet. Disse ka- 

naler og sarkosomats øvrige ernæringskanaler er dækkede med et 

7—10 u høit encellet cylinderendothel. 

Zooiderne et ordnede i tre rækker, den indre ligger i dorsal- 

fladens midtlinie, her er der en stor afstand mellem de enkelte zooi- 

der, da der kun findes en enkel zooid for hvert par rudimentære 

polyper, zooiden sidder altid paa polypernes nedre side (Tab. IX 

fiø. 4). De to andre rækker zooider findes paa den ydre side af 

defveludviklede polyper, en rad paa hver side åf rachis: Disse 

zooider er ordnede i smaa rækker paa 4 individer, som strækker sig 

bue (mellem hvert par af dé store polyper (Tab. IX fig. 5). 

Zooiderne viser sig som smaa runde, kun under lupen synlige vor- 

ter.  Mavehulen har to tykke mesenterialfilamenter; den er skraat 

stillet, langstrakt og gaar i den basale del lidt efter lidt over i sar- 

cosomaets finere ernæringskanaler. 

melel søljæren er farveløs. Fundet af prof. G. O. Sars ved 

Vadsø, 30—40 favnes dyb. 

Da Stichoptilum arcticum kun har en række vel udviklede po- 

lyper paa hver side af rachis og polyperne ikke er ordnede i di- 

stincte tværrækker har jeg efter Køllikers systematik**) henført den 

til familien Protoptilidæ, hvem den ogsaa i anatomisk bygning staar 

nærmest. 

*) Kiikenthal: Vereinfachung in der Fårbetechnik. Sitzber. der Jen. Gesellsch. 

f. Med. u. Naturw. 1885, hefte 3 og Zool. Anzeig. 1886, s. 23. 

**) Kölliker: Report on the Pennatulidæ. Report on the scientific Results 

on the Voyage of H.M. S. Challenger during the Vears 1873—76. Zool. vol. I 

part. II pag. 33. (Cfr. Zool. Jahresbr. f. 1880 Neapel s. 236.) 

Re) 
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Summary. 
Sympodium hyalinum n. sp. 

Babe: 10 ee 22 

The zoanthodeme without any trunk, incumbent. The basal 

part abounding in spicules, especially double-spheres and spindles; 

consists of an expanded membrane, which is not any thicked in the 

parts enclosed by the groups of polyps. The polyps are about 1,5 

mm. long, cylindrical, retractile and occur, as a rule, in groups. The 

posterior part of the body is smooth, the anterior part sligthly grooved 

longitudinally. The spicules usually in the form of spindles and clubs, 

lie transversally in the posterior part, and longitudinally in the an- 

terior part; in the tentacles they also lie transversally. In the ten- 

tentacles the spicules extend to the extremity. The polypcells cy- 

lindrical, retractile, entirely conceal the retracted polyp, slightly 

grooved logitudinally. The great majority of spicules in the cell 

are broad nodulous spindles and clubs. Along the oesophagus four 

series of spicules, two on the ventral and two on the dorsal side. 

The entire polyp pellucid dirty creamcoloured. 

Stenogorgia rosea n. sp. 
ip IG 0 fe 196) 

The trunk sparingly furnished with branches, smooth, round. 

The base expanded, adherent. The polyps in single series, on each 

side of the trunk and the branches. The polyps cylindrical, short, 

thick, with eight longitudinal ribs. The oesophagus long, furnished 

with three parallel rows of spicules. The polypcells conical, little 

prominent. The spicules in the sarcosoma have the form of spindles, 

crosses and quadruplets (» Vierling<), especially spindles and crosses, 

and in the cells especially spindles and clubs, but also crosses and 

quadruplets (» Vierling<); in the polyps almost exclusively spindles. 

The axis round, corneous, non-calcareous, nutbrown. The colour red. 



Danielssenia n. gen. 

Corals of the genus of the Gorgonia, Kölliker. The trunk without 

branches. The base expanded adherent. The polyps in single series 

on each side of the trunk. The polypcells low, broad, swelled in 

the basal part, partly embracing the stem. Axis corneous, non- 

calcareous, smooth, round. The sarcosoma comparatively thick. The 

oesophagus and the gastralfilaments of the polyps without spicules, 

the entire coral otherwise abounding in spicules, especially spindles, 

clubs and double-stars. 

Danielssenia irramosa n. sp. 
Mob fe. 33, DV VI: 

The spicules in the sarcosoma have, in general, the form of 

long, pointed, nodulous spindles and straight clubs; in the polypcell 

the spicules are principally pointed spindles and double-stars; the 

posterior part of the polyp is furnished with double-spheres and 

spindles; the anterior part of the polyp with long, pointed, curved 

spindles and fusiform spicules with a smooth band above the middle. 

In the posterior part of the polyp the spicules are dispersed in all 

directions; between the posterior and anterior part there is a stripe 

of transversally placed spicules, in the anterior part they lie length- 

wise in eight rows, that pass over to the aboral surface of the ten- 

tacles. The polyps are retractile, 1.2 mm. long; their posterior part 

cylindrical, smooth, white, with white spicules. The anterior part 

bell-shaped, grooved lengthwise. The tentacles white, shorter than 

the polypbody, their aboral surface and the pinnula abound in white 

spicules. The oesophagus short, without spicules. The colour of 

the sarcosoma, polypcells and anterior part of the polyps red, with 

lightred spicules. The axis nutbrown, 0,3 mm. broad. 

Paramuricea elegans n. sp. 
Tab. V, VII fig. 1—18. 

The trunk sparingly branched, rough. The arrangement of the 

branches is like that of the Paramuricea borealis Verrill. The po- 

lypcells, abound in spicules, are short, cylindrical, about as broad as 
2 



hey are high, furnished with a coronal fillet of long acute spicules, 

which are the largest spicules in the cells. The polyps retractile, 

cylindrical, smooth, about I mm. long; the tentacles about 0.5 mm. 

long, thick. The coral abound in spicules, very aculeate and nodular. 

In the sarcosoma the spicules have the form of pointed spindles, 

most frequently curved. The cells are furnished with furcate spi- 

cules, which are the most aculeate and nodulous of all the spicules 

in the coral. With the exception of the coronal spicules the spi- 

cules in the cell are smaller than those in the sarcosoma. The spi- 

cules in the posterior part of the polyp are like those in the sarco- 

soma. The largest spicules pertaining to the coral are situated in 

the anterior part of the polyp, which is principally furnished with 

long, curved spindles and straight clubs. The least nodulous and 

aculeate spicules are those in the polyps. At some distance below 

the tentacles there is a stripe of transversal spicules, from this stripe 

to the base of the tentacles the spicules are situated lengthwise in 

eight rows, otherwise the spicules are dispersed all over the polyp. 

The aboral surface of the tentacles abound in transverse spicules, 

from the base to the extremity. Axis round, non-calcareous, cor- 

neous, 0,3 mm. thick in the branches, yellowish-brown in the trunk, 

in the smaller branches more inclined to yellowish-white. The coral 

white, pellucid. This species is allied to Paramuricea borealis Verrill. 

Protoptilum tortum n. sp. 
Tab. VII fig. 19, 20, Tab. VIII fig. 1—3. 

Small. Rachis, longer than the stalk. The stalk is, in the upper 

end, as broad as the rachis (2 mm. broad) and becomes produced 

into a little oblong terminal bulb (4 mm. broad). In the dorsal side 

of the stalk there is, from the rachis to the middle of the stalk å 

single row of small pointed papillæ. From the base the rachis is 

sinistrally twisted. The polypcells on the flattish dorsal surface si- 

tuated in slooping series, proceeding from side to side. In each 

series there are 2—4 cells. The cells are pa mm. long, thick, 

broad, cylindrical, the free margin is furnished with an extremely 

minute papilla. The innerwall of the cell is, as usual, concreted 

with the rachis. The polyps are cylindrical, retractile, without spicules, 

smooth, about as long as the cell with very long tentacles, having 

15 pairs of pinnula. In the mesial part of the aboral surface ofthe 



tentacles there is seen a thin single series of colourless needles, ex- 

tending from the base and almost to the point. Between the po- 

lypcells the zooids are situated in groups, consisting of three indivi- 

duals or singly, which latter case is the most frequent. The lateral 

zooids without much regularity, but there are also seen sloping series 

of 3—4 zooids, proceeding from the dorsal to the ventral side, or 

groups of 3 zooids, in same manner as the zooids between the po- 

lyps. The zooids are small, oval, with åa round oral aperture and 

are not souronded by spicules. The ventral surface round, bare, 

I.5 mm. broad, at each of its sides the zooids, previously spoken 

of, are observed. The sarcosoma thick, sparingly furnished with co- 

lourless spicules, especially in the stalk, which has very small needles. 

The needles are most numerous in the cells. In the cells and rachis 

ulmer are 0.133 mm. long 0.018 mm. broad. In the tentacles the 

needles are 0.020 mm. long 0.007 mm. broad. Axis round, shorter 

than the whole seepen, terminating below obtusely, 0.15 mm. thick, 

The seepen redishbrown. 

Stichoptilum n. gen. 

Seapens of the family of the Protoptilidæ, Kölliker. The polyp 

with cells sessile, disposed on each side of the rachis in two single 

rows. The outer row with fullgrown polyps, the inner with rudi- 

mentary polyps. The cells cylindrical with eight, little prominent, 

spines. The zooids small, in three single rows, an inner row in the 

dorsal midline, the outer rows, one on each lateral surfaces of rachis. 

The rachis round, pointed straight at both ends. Calcareous cor- 

puscles in the stalk, rachis, cells and the tentacles of the polyps. 

Stichoptilum articum n. sp. 
abo VEG fed ab IX. 

Small, rachis much longer than the stalk. The stalk with a 

small terminal bulb, narrowest in the upper end next to the rachis. 

Rachis round, stiff, 2.5 mm. broad. The ventral side bare, smooth. 

The fullgrown polypcells sessile, with eight little prominent spines, 

I.I mm. in length. The rudimentary polypcells sessile, like thick 

conical nodes, 0.3 mm. in length. The fullgrown polyps without 



calcarcous corpouscles, cylindrical, with eigth slender furrows, nearly 

as long as the cells. The tentacles slender, longer than the polyps 

(1.4 mm. long), with 14 pinnula on each side and an uninterrupted 

row of calcareous needles (0.070—0.112 mm. long), extending from 

the base to the upper extremity. Å pair of rudimentary polyps 

between each pair of developed polyps. The zooids are round, and 

only to be seen with the microscope. In the inner row of zooids 

there is a single zooid between each pair of undeveloped polyps. 

The two other rows of zooids on the outer side of the developed 

polyps, are placed in curves and consist of 4 individuals between 

the polyps. The calcareous corpuscles are very numerous in the 

stalk, rachis and cells, especially so in the cells and their spines; 

they are least numerous in the lower end of the stalk. They consist 

of long pointed needles (0.210 mm. long). The whole seapen is 

colourless, the axis yellow, throughout the wohle pen, 0.5 mm. broad, 

very rich in calcareous deposit. 



Tavleforklaring. 

Tab I 

Stenogorgia rosea, fæstet til Anomia anomala, noget 

forstørret. 

Kors fra cønenchymets ydre lag. 

Spindler 1 cønenchymet. 

Køller fra cønenchymet. 

Kors, firlinger og straalespindler fra cønenchymet. 

Spindler fra cellen. 

Køller fra cellen. 

Firling fra cellen. 

Dobbeltstjerne. 

Spindler fra polypkrop og tentakler. 

Kors fra samme. 

Kølle fra polypkrop. 

En polyp med spikler, aabnet efter længden, forstørret. 

Spikler fra svælget. 

Spikel med glat baand paa midten fra svælget. 

Kors fra svælget. 

Timeglasformet spikel fra samme. 

Tab. II. 

Liden gren af Stenogorgia rosea, naturlig størrelse. 

Polyp med celle af samme forstørret. 

Tversnit af en gren af Stenogorgia rosea, snittet er 

taget der, hvor en ny gren dannes; a cønenchym 

med ernæringskanaler og bindevævsceller, b axeepi- 

thelet, c hovedgrenens hornaxe, e sidegrenens cen- 

tralstræng, f sidegrenens hornaxe. Zeiss DD. Oc. II. 

Firlinger, kors og dobbeltstjerner fra cellen af Steno- 

gorg. rosea. 



17. 

Sympodium hyalinum, som har omspundet en Clador- 

hiza. Naturlig størrelse. 

Polyp med celle af Sympodium hyalinum, forstørret. 

Svælget med dets spikler, forstørret. 

Isolerede spikler fra svælget. 

Tab. III. 

Tentakel med spikler af Sympodium hyalinum, stærkt 

forstørret. 

Køller fra polypkrop. 

Spindler fra samme. 

Uregelmæssige Køller. 

Kors. 

Kølleformede spikler fra tentaklerne. 

Vortede brede spikler fra cellen. 

Køller fra samme. 

Spindel. 

Dobbeltspindel. 

Firkantet spikel fra cellen. 

Forsk. spikler fra cellen. 

Spikler fra basalen. 

Forkrop med tentakler og spikler af Danielssenia irra- 

mosa, forstørret. 

Tab. IV. 

Knudret spindel fra cønenchymet hos Danielssenia irra- 

mosa. 

Rette Køller fra samme. 

Spindel. 

Krum kølle. 

Dobbelt kugle. 

Kors. 

Spindler fra cønenchymet. 

Dobbeltstjerne fra cellen. 

. Spindler fra samme. 

Kølle. 

SG Kors. 

Uregelmæssig firkantet spikel. 

Stjernefiaeellen: 

18, 19. Dobbeltkugler fra polypens basaldel. 
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mor, 22. Spindler fra basalen. 

Ø3 Spikel med glat baand paa midten. 

24. Kølle. 

ØK. Firling. 

26. Dobbeltstjerne. 

Då Spindel med pladeformig udvidelse. 

28. Spindel fra forkroppen. 

20. Kors fra samme. 

30. Klubbe. 

AL. Straalespindel. 

Bg. Kort, tyk spindel, noget indsnevret paa midten, fra 

forkroppen. 

Tab. V. 

Paramuricea elegans, noget forstørret. 

2. En polyp af Paramuricea elegans, forstørret. 

Tentakel med spikler af samme, stærkere forstørret. 

4—6. Bøiede spindler fra cønenchymet. 

7 180 Panse) rette spindler. 

9. Stærkt knudret og tornet kølle fra cønenchymet. 

TO Spindel med baand paa midten. 

TT. Bøiet firling. 

Tab. VI. 

ØRA, Danielssenia irramosa, noget forstørret. 

Ø. En del af samme, seet fra dorsalsiden, forstørret. 

Samme seet fra ventralsiden, forstørret. 

4, 5. Store spindler fra tentaklerne. 

ON q Spindelformige spikler med et glat baand paa midten 

fra tentakler og pinnuler. 

SON Spindler fra samme. 

Tab. VII. 

. 1—3. Lange, bøiede spindler fra polypkroppens øvre parti 

hos Paramuricea elegans. 

DE Rette køller fra samme. 

6. Krum kølle. 

7 Ret tornet spindel. 

SO Trillmger fra cellen. 

me ketteos krumme spindler fra cellen. 
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Kølle. 

16—18. — Spindler med tornede fortsatser fra cellen hos Para- 

Gy 

201 

OYHØS NE 

muricea elegans. 

Et stykke af Protoptilum tortum, seet fra dorsalsiden, 

Et stykke af Protoptilum tortum, seet fra siden, for- 

Størret. 

Tab. VIII. 

Protoptilum tortum seet fra dorsalsiden, naturlig størrelse. 

Samme seet fra ventralsiden. 

Det øvre parti af polypen med tentaklerne og deres spikler, 

af Protoptilum tortum forstørret. 

Forkrop med tentakler og deres spikler hos Stichoptilum 

arcticum, forstørret. 

Tværsnit af ektodermen hos Stichoptilum arcticum; a hya- 

lint bindevæv med ernæringskanaler, b ektodermeceller, c 

store cylinderformede céller i ektodermet.Zessr el 

Cam. luc. 

Tab. IX. 

Stichoptilum articum, noget formindsket. 

Et stykke af samme, seet fra ventralsiden. 

Samme stærkere forstørret. 

Et stykke af Stichoptilum seet fra dorsalsiden, forstørret. 

Samme seet fra laboralsiden. 

Et stykke af celleranden med spikler, stærkt forstørret. 
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Introduction. 

I. History. 

The progressive history of our knowledge of the histology of 

the nervous system is treated of so often, and so well, by previous 

writers that it certainly, to some extent, entails a repetition of their 

words to refer to it again. 

Still, it is a tradition to look back upon the works and 

merits of our predecessors before passing to our own work, and 

Mdormot think it right, to. break with the custom, but will, 

however, confine myself as much as possible to mentioning the most 

important writers of modern times on this subject, and for earlier 

literature on the subject refer my readers to the many sketches 

given by previous writers.') As it is especially the nervous system 

of the evertebrates which is about to be treated of here, I will restrict 

myself, principally, to the literature on that subject, all the more, 

as in å separate memoir on the nervous system of Myxine glutinosa 

I hope to obtain an opportunity of referring to the literature in re- 

spect of the histology of the vertebrate nervous system more circum- 

stantially. 

1) The literature on the nervous system of the evertebrates is very circum- 

stantially treated of by Vignal. His reports are, however, not in every point quite 

correct. Very good reviews of the literature are given 1882 by Freud, 1879 by 

Hans Schultze, 1875 by Hermann and 1872 by Solbrig. Of course, å great many 

other writers have also mentioned the previous literature more or less circum- 

stantially. The previous literature on the histology of the nervous system of the 

vertebrates is referred to in Prof. Golgis last work on this subject. Hans Schultze 

has given a very good review of the literature so far as it concerns the fibrillous 

structure of the nervous elements. Besides this there is in Kuhnt's paper a very 

complete review of the literature up to his time. 



al Tne structure of the nerve-tubes.!) 

The structure of the nerve-tubes: whether it is fibrillous or 

non-fibrillous, has been very much disputed, and to this day |the 

point must be considered as an open question. Since the valuable 

and important works of REMAK, there have, certainly, always been 

plenty of writers to defend the fibrillous structure. Amongst these 

may be named HANNOVER,?) WILL, LEBERT and ROBIN, WALTER, 

WALDEYER, LEYDIG (only to a certain extent BoLL, FLEMMING, 

HERMANN, DIETL, HANS SCHULTZE, FREUD, VIGNAL etc. FEspecially 

have HERMANN, HANS SCHULTZE and FREUD expressed themselves 

very emphatically and distinctly in favour of the fibrillous structure. 

According to their view the contents of the nerve-tubes consist in 

» Primitivfibrillen« suspended or swimming in an homogeneous semi- 

fluid »Interfibrillårsubstanz«. 

At the same time, however, there have also been others who 

described and asserted a semi-fluid (fest-weiche) contents, and åa 

homogeneous structure of the nerve-tubes in the fresh live state 

(or, also, a granulous structure). Amongst those are HELMHOLTZ,3) 

HÆCKEL,*) FAIVRE,Ö) OWSJANNIKOW,% BUCHHOLZ, LEMOINE, SOL- 

1) I prefer the designation nerve-tube to that of nerve-fibre, because I think 

it more characteristic. 

?) Hannover states, that the nervous tubes of the Mollusca are longitudinally 

-striated, whilst those of Astacus have a granular, nebulous substance in a mem 

branous sheath. 

3) Helmholtz described the nervous tubes as »zarthåntige Cylinder mit flissi- 

gen Inhaltc. 

4) According to Hæckel the nervous fibres (»Primitivröhre) have tie form of 

tubes. »Die Wand der Primitivröhre oder die Nervenprimitivscheide ist an den 

feinern Cylindern einfach, an den stårkeren doppelt, immer aber sharf und dunkel 

contourirt, so dass sie sehr deuthlich aus dem umhilllenden matten Bindegewebe 

hervorschimmert.«  »Die Inhalt der Nervenprimitivröhre ist wie schon Helmholtz 

erkannte eine dicke Fliissigkeit, welche.... frish.... vollkommen homogen, wasser- 

klar, und leicht glånzend erscheint.« Hæckel has, however, also found Remak's 

»centrale Faserbiindele and agrees with him, that it might be possible that such a 

one occurs in all nervous tubes. 

5) According to Faivre the contents of the nervous tubes are granulous. »Une 

tube de Sangsue se compose de deux parties: I'enveloppe et le contenu. Lenve- 

loppe est anhiste, sans structure appréciable, sans noyaux, — le contenu des tu- 

bes est formé par une substance finement granuleuse et d'une consistance molle, 

meme å l'état frais.« Under high powers of magnification this substance is seen to 

consist of very minute granules »agglutinés par une sorte de substance intermediaire 

amorphec«. 

6) Owsjannikow supposes the fibrillous appearance of the tubes to be a 

postmortem product, and he does not believe, that »les tuyaux« described by Stilling 

(in the nervous fibres of vertebrates) really exist in living nervous fibres. 



BRIG,') YUNG, KRIEGER, and lately such an eminent authority as 

LEYDIG. In his work »Zelle und Gewebec« (Bonn 1885) this veteran 

histologist appears to have changed his view of the structure of the 

nervous elements, at all events to some extent.”) HANS SCHULTZE, 

HERMANN and those other defenders of the fibrillous structure are, 

he says, altogether wrong. »Bei Aulocostomum gewåhren unter 

Anwendung der gewöhnlichen Linsen die Nervenfasern den Ein- 

druck einer körnig streifigen Materie. Die jetzt möglichen Ver- 

grösserungen lassen aber finden, dass das »Streifige« von Långs- 

ziigen eines schwammigen Geriistes herriihrt und das »Körnige« auf 

die Knotenpunkte eines feineren Zwischennetzes zu deuten ist. Die 

Haupt- und Laångsziuge des Maschenwerkesrufen die Abgrenzung in 

»Fibrillen«% hervor, aber zwischendurch zieht ein zartes Schwam- 

gefiige, in dessen Råumen die homogene, eigentliche Nervensubstanz 

enthalten ist.< 

HANS SCHULTZE'S »Primitivfibrillene are, consequently, according 

to LEYDIG, only parts of, or longitudinal fibres in, a, usually, rather 

spongy supporting substance which he calls ,spongioplasm*, whilst 

SCHULTZE's »Interfibrillårsubstanz<, according to LEYDIG, is the real 

nervous substance, diffused in the cavities of the spongioplasmatic 

reticulation; he calls it ,hyaloplasm*. 

I think this is enough to show that the discussion which has, 

now, for 40—50 years been going on, regarding the fibrillous or non- 

fibrillous structure of the nerve-tubes is not yet finished. 

1) Buchholz describes the cellprocesses and mnervous fibres as ribands of a 

homogeneous substance without any sheath; they are to be considered as »nackte 

Axencylindere. — Solbrig's description is very like that of Buchholz: »Allen Ner- 

venfasern der von mir untersuchten Gasteropoden fehlt eine »Schwann'sche Scheidec, 

und sie ercheinen als hiillenlose Axenfasern mit scharf begrenztem Rande.« ... 

»Die Nervenfasern der Mollusken bestehen aus einer festweichen, elastischen, ho- 

mogenen Masse von schwach glånzendem Aussehen, die in all ihren Eigenschaften 

mit jener eiweisartigen grundsubstanz, aus der sich die Ganglienzellen aufbauen, 

iibereinstimmt.« . . . . »Durch die Annahme der Nichtexistenz einer Schwann'schen 

Scheide muss natiirlich auch die åltere Ansicht, dass der Inhalt der Nevenfasern 

aus einer fliissigen Masse bestehe, fallen. Denn eine fliissige Substanz ohne um- 

hiillende Membran ist geradezu undenkbar.« The nerve-fibres have also according 

to Solbrig a flat form (»die Form von Båndern oder wenigtens von plattgedriickten 

Cylindernc.) 

?) This work I have already mentioned on an earlier occasions, vide: Bidrag 

til Myzostomernes Anat. og Hist. p. 32. 

3) Hermann's and H. Schultze's »Fibrillenc. 



b) The structure of the ganglion cells. 

Regarding the structure of the ganglion cells there has been 

the same disagreement. 

Å great many writers describe a fibrillous structure, whilst other 

stick to a homogeneous protoplasm. 

Amongst the adherents of a fibrillous structure REMAK comes, 

also here, first. He describes a concentric striation in the proto- 

plasm occasioned by granular fibres circulating round the nucleus. 

These fibres do not, however, enter into the processes. 

WILL and especially WALTER have also described a fibrillous 

structure. LEYDIG has in Gasteropodes described a concentric fibril- 

lous structure of the protoplasm of the ganglion cells and a stria- 

tion of the processes (1865, vide: list of literature Tande 

Ganglienkugeln des Unterhirns von Helix hortensis). 

Further, SCHWALBE can also be named as an adherent of the 

fibrillous structure. 

BUCHHOLZ supposes the protoplasm of the ganglion cells to 

consist of two substances, of which the one can, by squeezing, 

easily be exuded in form of hyaline pearls. ; 

This hyaline »Grundsubstanz<, »in welcher gleichmåssig suspen- 

dirt ein anderer, in Form feiner Pinktchen erscheinender Körper er- 

scheint«, is »in allen ihren physikalischen und chemischen Figen- 

schaften auf das Vollkommenste ibereinstimmend mit derjenigen, 

welche die Zellenfortsåtze bildet, sowie auch ... mit derjenigen, 

welche fibrillår angeordnet den Inhalt der peripherischen Nerven- 

ståmme bildet.«") 

1) It is really astonishing that so conscientious a writer, as Hans Schultze 

seems to be, can so seriously misunderstand another author, as he has done, when 

he says that Buchholz describes »an der Ganglienzellen zwei Substanzen, von denen 

die eine leicht durch Druck in Form hyaline Tropfen auspresbar, die zuriick- 

bleibende, körnige Masse aber durchaus gleichwerthig der fibrillår geordneten In- 

haltsmasse der Nervenståmme erschien.« As will be seen, that is quite the con- 

trary of what Buchholz, has really, said. That and similar misunderstandings 

regarding Buchholz seem, also, to have descended to other writers. In the quite 

recently published paper by Rawitz we find a similar confusion. This writer com- 

pares »Buchholz's hyaline Grundsubstanze« with the reticular substance described 

by himself; a mistake which certainly ought to have been very difficult if Rawitz had 

looked a little more carefully at the description of »der in feinen Piinktchen er- 

scheinenden Substanz...in der hyalinen Grundmasse gleichmåssig vertheilte given 

by Buchholz in his excellent paper (p. 252). In reference to the report of Buchholz's 

paper given by Vignal, there is, indeed, little else to say, than that it is thoroughly 

misleading. 



BoLL (1869) says: »Die Ganglienzellen der Mollusken bestehen 

ebenso wie bei den Wirbelthieren aus zahlreichen in den verschie- 

densten Richtungen verlåufenden åusserst feinen Fibrillen und aus 

körniger interfibrillærer Substanz. Fine besondere Membran fehlt<« 

(1. c. 1869 p. 19). »Die Nervenfasern, die Fortsåtze der Ganglien- 

zelle gehen stets aus der Substanz derselben hervor in der Art, dass 

die Fibrillen an den Abgangsstellen der Fortsåtze eine bestimmte 

parallele Richtung annehmen und sich zu mehr oder minder feinen 

Strången zusammenlegend von dem Zellenkörper abtreten.< 

DIETL (1877) describes a concentric striation of the cell-proto- 

plasm, in preparations treated with osmic acid. This striation he sup- 

poses, however, also to exist in the live-state. The striation circulates 

round the nucleus and can always be traced directly into the pro- 

cesses of the ganglion cells. In the brain of Tethys fimbria he des- 

cribes ganglion cells containing a peculiar »protoplasmatisches Balken- 

netz, das die Verbindung des Zellkörpers und des Fortsatzes ver- 

mttelta (1. c. 1878 p. 524). 

CADIAT (1878) does not, exactly, tell whether he supposes the 

ganglion cells of the Crustaceans to have a fibrillar structure in the 

live-state; their protoplasm is, however, in his opinion, quite identical 

with the contents of the mnerve-tubes, and in the latter he has 

occasionally observed fibrillæ. He further states that, on application 

of nitric acid he has seen a striation in the nerve-tubes and »la meme 

striation se voit sur les cellules et leurs prolongements immédiats.« 

The author who has most distinctly declared himself for a 

fibrillar structure, and who, in my opinion, has made the closest and 

most convincing investigations on this subject is HANS SCHULTZE 

(1879). He has defined the point in debate, and has concentrated 

his investigations upon it, but neither has he been quite successful. 

According to the result of his investigations, the protoplasm 

in the ganglion cells, as well as in their processes and the nerve- 

tubes, consists of »Primitivfibrillen« and »Interfibrillår-Substanz<; 

everyone of the fibrillæ is surrounded by interfibrillar substance, 

per must, consequently, in a manner, swim mn it. If that, 

however, is correct, why then has Schultze, as well as everyone 

else, succeeded so badly in isolating these freely swimming fibrillæ? 

why can we only obtain a sort of isolation of them in the ex- 

tremities of teased processes or tubes, and not in the cell-protoplasm 

itself? 

To this question Schultze has given no reply, nor has any- 

body else, so far as I know. 



FREUD's description (1881) of the structure of the cell-processes 

is very similar to that of H. ScCHULTZE. The cell-protoplasm has 

however, according to his opinion, another structure, it consists of a 

reticular substance and å homogeneous one. He says L.'c: 1881 pågrt 

»Die Nervenzellen im Gehirn und in der Bauchganglienkette bestehen 

aus zwei Substanzen von denen die eine, netzförmig angeordnete, 

sich in die Fibrillen der Nervenfasern, die andere, homogene in die 

Zwischensubstanz derselben fortsetzt.< 

KOESTLER (1883) describes the ganglion cells of the frontal 

ganglion etc. of Periplaneta orientalis, as having no membranes: »sie 

sind nie mit einer Hille versehen und erscheinen als membranlose, 

weiche Ballen.« Upon treating the ganglion cells with vapour of 

osmic acid, and examining them under high powers of the microscope, 

he has been able to observe »eine koncentrische Lagerung des kör- 

nigen Protoplasmas«, »und zwar so, dass das Protoplasma in Schich- 

ten geordnet erschien, die rosettenförmig den Kern umgeben< (1. c. 

p. 585). Of the origin and structure of the processes he says I. c. 

p. 586: »Eigenthimlich erscheint das Verhalten des körnigen Proto- 

plasmas an der Ursprungsstelle der Nervenfasern, Wåhrend sich 

diese granulåre Zellsubstanz sonst in Schichten koncentrisch um den 

Kern lagert und der Zelle ein rosettenförmiges Aussehen verleiht, 

gehen die åussersten Ringe am Ursprunge der Nervenfasern, ihre 

koncentrische Schichtung verlassend, in diese iber. Es ist also 

dieser Fortsatz nur als eine Fortsetzung des Zellinhaltes aufzufassen, 

der sogar Anfangs noch etwas körnig, spåter erst in die feinsten 

Fibrillen zerlegbar erscheint.< 

VEJDOVSKY (1884) has not succeeded in observing a fibrillar 

structure in the protoplasm of the ganglion cells of the Oligochætes; 

»nur die aus den Zellen austretenden Stiele zeigen eine deutliche 

Zusammensetzung aus den feinsten Nervenfibrillen« (l.c. p.90). On 

another occasion he says, however, of the ganglion cells that » bereits 

åltere Forscher eine fibrillåre Anordnung der Plasmaelemente sicher- 

gestellt haben« (1. c. p. 91.) 

Amongst those who do mot believe im a fibrillar structure the 

following authors may, here, be named): 

1) When speaking of the ganglion cells Favre says »I'enveloppe est solide 

et consistante; le contenu granuleux, semi-fluide.« Hæckel says of the ganglion 

cells of Astacus: »Jede von ihnen stellt eine mehr oder weniger rundliche, an- 

sehnliche Blase dar, deren zarte Zellmembran, oft von einer dichten Bindegewebs- 

kapsel eingeschlossen eine tribe körnige Fliissigkeit enthålt in der ein seht grosser 

mit einem Kernkörperchen versehener Kern schwimmt.« Waldeyer denies the 

existence of the striation of the cell-protoplasm described by Walter. Buchholz 

Is already mentioned above. 
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OWSJANNIKOW describes the ganglion cells of the lobster (l. c. 

1861 p. 139) as having »un contenu assez liquide« in which he has 

observed fibrillæ, »qui semblent pénétrer dans le milieu de la cellule.« 

The ganglion cells of the Mollusca he describes as having a semi- 

fluid protoplasm which »erst nach dem Tode fest wird« (l. c. 1870 

p. 681). Here, he mentions no fibrillæ. 

CHEÉRON (1866) describes (in Cephalopoda) apolar, uni-, bi- and 

multipolar ganglion cells having granular or homogeneous contents. 

In the »ganglions de bras« he describes, for instance: »des cellules 

unipolaires å contenu granuleux, et des cellules bipolaires ou tri- 

polaires å contenu liquide sans granules.<« 

CLAPARÉDE says (l. c. 18690 p. 593): »Die Zellenkörper bestehen 
aus einem körnigen Protoplasma ohne erkennbare Membran.< 

SOLBRIG's opinion (1872) was that, the concentric fibrillar appear- 

ance was a postmortem one and was, partly, artificially produced 

by folding of the cell-surface etc. According to his view, the proto- 

plasm of the cells, as well as of the processes, is a homogeneous 

or granular »fest-weiche« substance. Å great many other writers 

are, also, of the same opinion. 

STIEDA (1874) says in his description of the Cephalopoda, that 

the protoplasm of the ganglion cells have, in fresh state, an extremely 

minute granular appearance; »an den Zellen der Schnittpråparate låsst 

sich eine homogene Grundsubstanz erkennen, in welcher åusserst 

feine Körnchen eingestreut sind.< The processes have the same 

ampearanee (1. c 1874 p. 92). 

Even HERMANN (1875) is no adherent of a fibrillar structure of 

the cell-protoplasm; in his opinion it is rather granulous or homo- 

geneous.)) 

YUNG (1878) describes the protoplasm of the ganglion cells as 

being fluid, and homogeneous or granular. 

BELLONCI (1878) describes the protoplasm of the large 

ganglion cells of Squilla, as having »un aspetto finamente 

1) According to Hermann the protoplasm of the cells consists of two sub- 

stances: »Die eine umfasst weitaus seinen grössten Theil, erscheint gleichmåssig 

homogen, oder in einigen Fållen feingekörnt, nimmt iberall die åusseren Schichten 

des Zellkörpers ein, gibt ihm seine Gestalt, und bildet alleim den Fortsatz.«.... 

»Die andere Substanz erscheint als aus gröberen Körnern bestehend und ist 

in ungleich grossen Massen um den Kern herum gelagert« (l. c. 1875 p. 30). 

The processes of the cells have, consequently, in Hermanns opinion å homogeneous 

structure. 

* 
3 



granoso«.!) Of the peripheral cell-process he says: that it »non 

presenta alcuna particolarita strutturale«; in Tav. IX, fig. 3 (l. c. 

1878) he illustrates a ganglion cell with a peripheral process (»pro- 

lungamento periferico<) exhibiting a distinct longitudinal striation 

which he does not, however, mention in the text so far as I have 

seen. Some large fibres, he says, have a fibrillar appearance. 

NEWTON (1879) designates the cell-protoplasm as being granular; 

he says that »the granular cell contents may be seen in some in- 

stance, extending into the fibres« (1. e. the cell-processes). 

KRIEGER (1880) describes a granular cell-protoplasm and åa 

homogeneous process. 

VIGNAL (1883) seems to have taken up no distinct position regard- 

ing the fibrillar or non-fibrillar structure of the ganglion cells. About 

that of the Molluscea he says: »Elles sont formées dun globe 

ganglionnaire å la surface et dans linterieur duquel se trouvent de 

fines fibrilles qui forment le ou les prolongements de la cellule; entre 

les fibrilles se trouvent de fines granulations graisseuses, quelque- 

fois diversement colorées (l. c. p. 342). Regarding the ganglion 

cells of the Hirudinea he reports in somewhat similar terms. »Elles 

sont formées dun globe ganglionaire å la surface duquel se trouve 

un noyau; il est recouvert par de fines fibrilles qui en constituent le 

prolongemente« (1. c. p. 372). 

Regarding the ganglion cells ef the Crustaceans and Oligochætes 

he seems, however, to be of quite another opinion. About those of 

the Crustaceans he says e.g.: »elles sont formées presque toutes par 

1) Of the large ganglion cells he says (1. c. 1878 p. 523): »Esse posseggono 

una sottile parete & sono circondate da un invoglio di tessuto connettivo nucleato. 

I] contenuto ha un aspetto finamente granoso, ma al polo del prolungamento peri- 

ferico i granuli sono pil fitti e formano un cono distinto, la cui base & la corri- 

spondente parete del nucleo e il cui vertice & Porigine del cilindro assile.« In the 

small ganglion cells he even believes to have seen »il cilindro assile« penetrate into 

the nucleus and terminate »in uno spazio chiaro e rotondo che si trova nel centro 

di questo.« To this apparent connection of the peripheral process or, as I call it, 

nervous process, with the nucleus, Bellonci ascribes great importance, it shows, in 

his opinion, that the nervous impression »si propaga al centro della cellula & pro- 

priamente al nucleo, il quale nella cellula nervosa, come in tutte le altre, & il vero 

centro dellallivita vitale.« We will return to this subject, and to my view of it, 

at the conclusion of the present paper. Of great interest is, that Bellonci expressly 

accentuates that each ganglion cell has only one real nervous process (*cilindro 

assile«) »destinatv a formare un elemento del nervo, tutti gli altri non sono che 

prolungamenti destinati ad unire fra di loro le cellule di una stessa massa cellulare.e 

In the latter statement I do not, however, agree with him (vide sequel). 
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une substance visqueuse, épaisse, granuleuse et trés malléable.« 

Kbdutlthe Oligochætes he says: »Les cellules nerveuses . . ... sont 

formées par une substance demi-liquide visqueuse, excessivement mal- 

léable, peu granuleuse. Files contiennent un noyau réfringent ho- 

mogeéne et granulations graisseuses situées å son voisinage.< 

If we look through the modern literature having reference to 

the invertebrate nervous system, and compare the many different 

views of the structure of the ganglion cells, we meet with a con- 

fusion on the subject which is far from encouraging. Some writers 

distinguish between granulous cells and homogeneous ones, other 

writers believe in a concentric striation, or even a longitudinal 

striation (ROHDE). !) 

Some writers distinguish between ganglion cells with a process 

originating in the nucleolus (»Kernkörperfortsåtze<), or nucleus and 

cells with a process originating in the protoplasm (»Protoplasmafort- 

satze<) (Others, e. g. HALLER, describe cells having both kinds 

of processes. Å great many writers however deny, or doubt, any exis- 

tence of processes originating in nucleoli or nuclei, etc. etc. All these 

distinctions and differences of opinion exist, although we certainly 

must feel inclined, a priori, to suppose that there must be uniformity, 

to some extent, through the whole animal kingdom in this respect, 

and that the differences must have arisen in the development of less 

complicated structures to more complicated ones. 

” In E. Rohde's paper on the Nematodes (1885) we meet with a descrip- 

tion of the structure of the ganglion cells which is of a somewhat peculiar kind. 

The writer describes ganglion cells having different modes of striation, å radiate 

striation, åa concentric one, and a longitudinal one (l. c. p. 16—17; fig. 14—34.) 

As I have not examined the nervous system of the Nematodes I can not, of 

course, deny the correctness of this statement; if I may judge, however, from the 

results of my investigations on other animals, I feel inclined to believe that these 

descriptions are caused, at all events partly, by optical illusion. 

It may here, also, be mentioned that Yung (1878) describes a longitudinal 

striation of the protoplasm of the ganglion cells of Astacus as being a post- 

mortem appearance produced by the influence of acids (picric or nitric acid — 

I. c. 1878, p. 424—425). In the fresh state he describes the cells as having »un 

contenu liquide absolument identiques å celui des tubes nerveux å P'état frais.« 

The American scientist Packard gives a very strange description of thc 

ganglion cells of Asellus (1884), he says that they »have not, as in the brain of 

the lobster, a simple nucleus and nucleolus, but they usually have numerous, from 

IO to 20, nuclei, the nucleolus of each nucleus readily receiving a stain and forming 

a distinct dark mass.« How this description is to be explained I certainly can not 

tell; he does not mention the structure of the cell-protoplasm. 



The latest important contribution to the literature on this sub- 

ject is, so far as I know, to be found in LEYDIG's »Zelle und Ge- 

webe«. According to Leydig's description, the contents of the cells 

consist, also, of the same two substances spongioplasm and hyalo- 

plasm, Which are mentioned in respect of the nerve-tubes. As in 

the nerve-tubes the striation — the concentric one in the gang- 

lion cells, and the longitudinal one in their processes — is a rather 

apparent one, occasioned by »Hauptziige« in the otherwise reticular 

spongy spongioplasm, through which the hyaloplasm is diffused. On 

a previous occasion he has expressed himself in somewhat similar 

ens (mes hente 0 RÖL 

In my memoir on the Myzostoma (1885 p. 30—31 & p. 74) I 

describe the protoplasm of the ganglion cells in a somewhat similar 

way. It consists of the same two substances: spongioplasm and 

hyaloplasm; the spongioplasm I am, however, »inclined to regard, 

more, as isolating the hyaloplasm into fibres, than Leydig appeårs 

to be.« »The spongioplasm extends, also, into the cell-processes 

and there, I believe, partly isolates the hyaloplasm into small tubes.« 

This is, as will be seen, a description very similar to that of Freud, 

but our opinions regarding the nature of the two substances are 

quite opposed to each other. > 

In FRANZ VON WAGNER'SSs work on the nervous system of Myzo- 

stoma (which appeared at about the same time as my own paper) the 

author describes the ganglion cells as having a granular protoplasm 

or also åa homogeneous one. 

That is, generally speaking, our present state of knowledge 

regarding the structure of the invertebrate ganglion cells. As will 

be seen, there are, still, almost as many views as there are writers. ?) 

c) The structure of Leydig's dotted substance. 

We have mentioned in the foregoing, the history of the nerve- 

tubes and the ganglion cells of the invertebrates; but there yet 

remains the most difficult point in debate, viz. the combination of 

the ganglion cells with each other and with the nerve-tubes, and 

the real structure of the interposing mass, LEYDIG's »Punktsubstanzc«. 

1) In the present review of the literature my attention has been especially directed 

to the statements regarding the structure of the protoplasm of the ganglion cells, 

as I take this to be the most important point for my present researches. Ås to 

the various statements regarding the existence or non-existence of a cell-membrane 

etc. and regarding the structure of the nucleus etc. I will, if necessary, refer to 

them during the description of my own investigations. 



Regarding the combination of the ganglion cells with the 

nerve-tubes, there are two various opinions which have especially 

been prevalent. According to a great many writers, there is an 

immediate combination of the cells with the tubes, these being di- 

rect continuations of processes from the cells. Another opinion Is 

that, there does not exist any immediate combination between tubes 

and cells but that the tubes have an indirect origin, i. e., in a fibrillar 

mass. 

The opinion of some authors is, that both modes of origin are 

present. 

A direct origin of the merve-tubes in ganglion cells has long 

ago been maintained by HELMHOLTZ. 

Amongst the later adherents of this opinion the following may 

be named: HANNOVER, WILL, BRUCH, WEDL, FAIVRE, OWSJANNIKOW, I) 

BUCHHOLZ, CHERON, BRANDT,*) STIEDA, BERGER, YUNG, CLAUS, 

LANG, SPENGEL, MICHELS, FREUD, KOESTLER, ROHDE, POIRIER. 

WALTER, SOLBRIG, BELLONCI, BÖHMIG, HALLER and NANSEN?) have 

1) Qwsjanmikow states (1881) that in the Crustaceans the mnerve-tubes 

arise directly from ganglion cells. The large longitudinal nerve-tubes are formed 

by the union of several processes from various cells; and they »forment un systtme 

particulier, établissant la relation entre les cellules des noyaux de la chaine gang- 

lionnaire et les cellules du cerveau« (1. c. 1861, p. 136). Of the combination of 

cells, situated oposite to each other, he says: »Les cellules nerveuse L'un cöté sont 

partout unies aux cellules de Vautre par des commissures.« The nerve-tubes of the 

Molluscs Owsjannikow also describes (1870), as arising directly from ganglion cells. 

In most tubes he has, however, observed a division into two branches, the one of 

which passes into a peripheric nerve, whilst the other one passes »zu der ent- 

gegengesetzten Håifte des Nervenknotens«. »Es låsst sich aber auch ferner nach- 

weisen, dass einzelne Cangliengruppen auf ebendieselbe Weise mit einander ver- 

bunden sind.« Of interest is, that OQOwsjannikow (like Buchholz) »an manchen 

primitiven Nervenfasern auch solche Nebenåstchen entdeckt habe, die sich fast 

plötzlich in eine sehr grosse Anzahl höchst feiner ÄÅstchen dritten und vierten 

Ranges theilten und endlich so fein vurden, das sie der stårksten Vergrösserung 

entgingen.« »Diese Ästchen« he supposes to be similar to Deiter's protoplasmic 

processes, in which supposition I do not, however, agree with him. It may also 

be mentioned that Owsjannikow, like Walter, describes »multipolare Nervenzellen« 

situated »an manchen primitiven Nervenåsten«. These cells are, however, in my 

opinion, not ganglion cells but neuroglia-cells. 

2) Brandt (1870) designates the »Punktsubstanz« or »Medullarsubstanz« in the 

ganglia of Lepas anattfera as consististing of feinen Körnchen. Its function or 

importance he does not, however, mention. The nerve-fibres (»welche den Achsen- 

cylindern der markhaltigen Nervenfasern der Wirbelthiere und einiger Wirbellosen 

entsprechen«) are direct continuations of the processes of the ganglion cells. 

3) Lately, a paper by Rawitz has appeared, where views are expressed very 

like those of Haller. This paper will be referred to at the conclusion of the pre- 

sent chapter. 
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described a direct origin of the tubes in cells, but at the same time 

have also described an indirect origin as being present, WALTER, 

SOLBRIG, BÖHMIG and HALLER even suppose this to be the prevalent 

mode. 

WALTER desribes the indirect origin as being produced by 

interposed multipolar cells, whilst the other writers presume å more 

or less fibrous or reticular substance as being the interposing me- 

dium; this substance is principally formed by processes from the cells. 

HALLER and HANS SCHULTZE (as will be mentioned later) de- 

scribe both modes of indirect origin. 

Upon several occasions I, myself, have described an indirect, 

as well as a direct, origin of the nerve-tubes and supposed both 

modes of origin to be present to a somewhat similar extent, as, in 

my opinion, the nerve-tubes having a direct (never isolated as 

most writers maintain) origin should be motoric ones, whilst those 

with an indirect origin should be of a sensitive nature. 

Amongst those who maintain an indirect origin of the merve- 

tubes from a granular-fibrous mass, and, as a rule, deny the existence 

of a direct origin, the following writers may be specially named: 

LEYDIG, WALDEVER, HERMANN, HANS SCHULTZE, KRIEGER, VIGNAL, 

PRUVOT, VIALLANES, F. v. WAGNER. Some of these, e. g. Leydig 

and Waldeyer, admit a direct origin to occur quite exceptionally. 

LEVYDIG is the first writer who has given åa somewhat detailed 

description of the central mass of the ganglia. He calls it 

»Punktsubstanz« and characterises it as a »netzförmig gestrickte 

Gewirr feinster Fåserchen<c. This »Punktsubstanz« receives on one 

side the branching processes of the ganglion cells (these loose them- 

selves into the fibrous substance) on the other side it gives origin to 

the peripheric nerve-tubes. 

This not very detailed description by Leydig has been supplemented 

by very few scientists. Most writers seem to be satisfied with it, 

they use the name without entering more closely upon this difficult 

subject, and do not try to define the structure of the central mass 

more exactly. VWaLDEYER characterises it as åa »Gewirr feinster Fa- 

den<, which should originate principally in the division of the cell- 

processes. 

BucHHoLz (l. c. 1863) calls this mass »jenes feinste Fasersystem, 

welches iuberall innerhalb der Nervencentren verbreitet ist.« He has, in 

my opinion, in many respects, arrived at a very correct view, which is 

scarcely surpassed by any other writer. The fibrillæ of this »Faser- 

system« are extremely slender. »Die Ursprungsweise derselben ist 

nun, wle angedeutet, eine doppelte; einmal nåmlich gehen sile, wie 



an den multipolaren Zellen zu bemerken ist, aus unmittelbar von 

dem Körper der Zelle entspringenden, urspriinglich breiten Zellen- 

fortsåtzen hervor, welche sich gånzlich in derartige feinste Fibrillen 

auflösen, das andere Mal dagegen entspringen sie nicht unmittelbar 

von den Ganglienzellen, sondern werden erst von den breiten Fort- 

såtzen abgegeben, wobei sie alsdann gewöhnlich sogleich als sehr 

feine Fasern sich darstellen, welche oftmals noch in ganz ausser- 

ordentlicher Entfernung von der Zelle selbst entspringen; ohne dass 

die breiten Axencylinder durch die Abgabe derartiger feinster 

Reiserchen irgend merklich sich verschmålerten.« — »Diese feinsten 

Reiser entspringen sehr håufig mit einer sichtlichen plattenförmigen 

Verbreiterung von der breiten Stammfaser.« These »feinsten Reiser 

generally subdivide »so dass aus denselben eine ausserordentlich grosse 

Anzahl unmessbar feiner Fasern hervorgeht, welche uberall mannich- 

fach sich durchkreuzend im Inneren der Nervencentren vorhanden 

sind.«'") These »unmessbar feinen.Fasern« are the smallest and 

finest elements which Buchholz has been able to observe in the 

fibrous mass, still, however, he is not sure whether they do not sub- 

divide, or if they really are the ultimate branches by which the corre- 

spondence between the ganglion cells is produced. 

Regarding the appearance of these fibres he says: »dass die- 

selben je nach der Natur der Flissigkeit, in welcher dieselben iso- 

lirt wurden, mehr oder minder deutlich unregelmåssige Varicositåten 

zu zeigen pflegen.<« 

The fibres are, as he supposes, separated from each other »durch 

eine gewisse Menge seröser Flissigkeit<, which in the preparations 

have the appearance of »einer fein granulirten Substanz<, the øra. 

nular appearance is, however, probably artificially produced; perhaps 

it is, also, to some extent produced by destruction of some of the 

nervous substance. And he says: »bei dem völligen Mangel geformter 

Bildungen zwischen der nervösen Flementen låsst sich daher fur die 

Centraltheile ebenso wie fir die Nervenståmme als höchst wahr- 

scheinlich annehmen, dass die geringen Zwischenråume, welche 

zwischen den Gangliencellen und den Fasergebilden ibrig bleiben, 

ebenfalls hier nur von einer des Ganglion durchtrankender Zwischen- 

flissigkeit erfullt werden.< 

As to the origin of the nerve-tubes, he considers that all of 

them originate directly in ganglion cells; but their course through 

the fibrillar mass is, as mentioned, not an issolated one. Fach 

ee. p..-239: 
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cell has, generally, only one process forming nerve-tubes; as a rule 

this process, however, sooner or later, divides dichotomically; how 

many divisions there may occur he has not ascertained. »Doch 

scheint zum mindesten eine dichotomische Theilung stets vorhanden 

zu sein wenigstens sind mir in mehr bedeutender Långe erhaltene 

Axenbånder ohne jegliche Theilung niemals begegnet« (l. c. p. 283). 

Thus, several tubes must be supposed to originate in each ganglion 

cell, and really unipolar cells do not exist, according to his view, 

or if existent they are very rare, and of a small size. 

Regarding the form of the ganglion cells (the larger as well as 

the smaller ones) »so finden wir allerdings den unipolaren Habitus 

durchaus vorwiegend.« Really multipolar cells are, however, also 

present; they are generally of a larger size. »Die Fortsatze dieser 

multipolaren Zellen zeigen nun, .... ein verschiedenes Verhalten an 

derselben Zelle. Bald nåmlich theilen sie sich schon nach kurzem 

Verlauf sanzlich mm ungemen fane Fase NA PE bald ver- 

laufen sie in sehr grosser Långe, ohne sich aufzulösen mit ziemlich 

gleich bleibender Breite fort, wobei sie nur hin und wieder vereinzelt 

sehr teiné Fibnillen'| abgebenMe pp 2 70) 

According to BUCHHOLZ, an indirect origin of the nerve-tubes, 

as maintained by LEYDIG and WALTER, never occurs. »Es kommt 

nirgend vor, dass breite Primitivfasern von feinsten Fibrillen erst zu- 

sammengesetzt werden, auch sind sie selbst als homogene Bånder 

und keinesveges selbst als Bindel feinster Fasern anzusehen< (l.c.p. 305). 

The function of »jenes feinsten Fasersystem<« is, consequently, not to 

form nerve-fibres with indirect origin, but to produce correspondence 

between the ganglion cells, which mever have a direct connection 

with each other as Walter and other writers maintained. »So oft 

ich aber auch einen derartigen Zusammenhang zwischen Zellen zu 

sehen glaubte, habe ich mich doch immer wieder in jedem einzelnen 

Falle davon iiberzeugt, dass dieser Anschein auf ganz bestimmt 

nachweisbaren Tåuschungen beruhte<« (1. c. p. 293). 

1) Cmfr. what is above mentioned regarding the origin of the slender fibrillæ 

of the fibrous mass. 

?) According to Buchholz apolar ganglion cells do not exist. About this 

he says: »Es ist den vorangehenden Arbeiten zufolge kaum nöthig hervorzuheben, 

dass Ganglienzellen ohne Fortsåtze gar nicht vorkommen.«  Seeing that Buchholz 

(and before him Owsjannikow) has already expressed himself so very decidedly on 

that point, it is really very curious to find this phantom haunting the brains of, 

even, quite recent writers. Regarding the non-existence of processes issuing from 

nuclei or nucleoli Buchhol7, also, expresses himself very decidedly. 



We will close this report of BUCHHOLZ'S paper with a reference to 

his description of some corpuscles occurring in the fibrous mass. About 

these he says: »Prufen wir nåmlich die feinen Faserzige, welche neben 

den breiten Axenbåndern uberall anzutreffen sind, so bemerken wir 

an sehr zahlreichen dieser Fasern erhebliche Anschwellungen, welche 

mit deutlichen ovalen Kernen versehen sind.« »Es sind fast immer 

langgestreckt spindelförmige Gebilde, welche nach beiden Seiten hin 

in feinste Fasern unmittelbar sich fortsetzen, oder vielleicht richtiger 

gesagt in den Verlauf derselben eingesehaltet sind.« »Die Kerne 

enthalten einen oder mehrere sehr feine, punktförmige Nucleoli.« 

The extremities of the fibres issuing from this »Gebilde« resemble 

»in ihrem ganzen Ansehen, sowie durch das Vorhandensein vielfacher 

Varicositåten auf das Vollkommenste den feinsten Verzweigungen 

der Ganglienzellen.« Besides these »in reichlichster Anzahl vorhan- 

denen regelmassig spindelförmigen Faseranschwellungen giebt es aber 

noch eine andere Art kernhaltiger, mit den feinsten nervösen Fasern 

in Zusammenhange stehender Bildungen<« (l. c. p. 2900—291). 

These have generally a multipolar shape, and have nuclei of 

quite the same appearance as those just mentioned. Buchholz does 

not exactly know which nature he ought to ascribe to these cells, 

I think, however, there can be no doubt but that these cells are 

what I have described as neuroglia-cells (vide sequel).) 

This report of Buchholz's paper is, perhaps, somewhat prolix. 

I have, however, made it thus circumstantial, partly because I have 

seen no correct report of the beautiful researches of this eminent 

investigator, and also, partly, because I consider those researches to 

be of the highest import, and it really seems as if they are far too 

little known. 

WAaLDEYER (1863) describes »das molekulåre mittlere Stratumc 

as »eine Art Flechtwerk, welches eben der Feinheit der Fåden we- 

gen, aus denen es besteht, sehr schwer zu entwirren ist.« This 

»Flechtwerkc, is formed of the three following elementary parts: »feine 

Auslåufer der grossen Zellen, kleine Zellen und deren feinste Aus- 

låufer.« »Die kleinen Zellen liegen sehr dicht neben einander« in the 

central mass. This last description does not suit for my meuroglia- 

cells, which in Mollusca (which Wialdeyer has especially adopted 

1) It is indeed very strange that Rawitz has not observed Buchholz's descrip- 

tion of those corpuscles, as he has described and figured quite similar ones (cmfr. 

the subsequent report of R.'s paper). The multipolar cells of Haller, situated in 

»dem centralen Fasernetz«, are also, undoubtedly, the same cells as those multipolar 

»Gebilde« of Buchholz. 



for his investigations) occur somewhat sparingly, in spite of this, I 

do not doubt, however, that what Waldeyer has called »kleine Zel- 

len« (»kleine bi- und multipolare Zellen<) is what I describe as 

neuroglia-cells. 

Of the results of his investigations »uber den Ursprung der den 

Axencylindern gleichwerthigen Axenfibrillen der Wirbellosenc Wal- 

deyer, himself, gives us the following summary: »Stellen wir . . .. 

das Endresultat zusammen, so ergiebt sich: dass dieselben (i. e. 

» Axenfibrillen der Wirbellosen<) in den von mir untersuchten Faål- 

len direct aus feinen Auslaufern kleiner bi- und multipolarer Zellen ') 

ihren Ursprung nehmen, entweder aus einem solchen Zellenauslåufer 

ohne Weiters, oder so, dass erst Theilaste desselben die Axenfibril- 

len sind. Niemals aber gehen direct Auslåufer der grossen unipo- 

laren Nervenzellen, welche die Randpartien des Ganglion constituiren, 

in periphere Nerven iber.« 

Thus Waldeyer denies the existence of what we would call å 

direct origin of the nerve-tubes from ganglion cells. 

According to CHEÉRON (1866) the nerve-tubes of the Cephalopoda 

have, as a rule, åa direct origin from ganglion cells, usually in such 

manner that several processes of small cells unite to form one large 

nerve-tube. In some cases he supposes that one large ganglion cell 

alone »fournit directement un tube« (vide 1. c. 1866 p. 94). The 

nerve-tubes of the »systeme stomatogastrique« have another (in- 

direct?) mode of origin. Of the central mass of the ganglia he 

seems to have no distinct view; he describes it as »mnée  matiere 

finement granuleuse, absolument amorphe.< 

CLAPAREDE (1869) quite agrees with LEYDIG in his description 

of the dotted substance. »Die Zentralmasse des Bauchstranges von 

Lumbricus hat Leydig ganz richtig als eine sehr feine Punktsubstanz 

mit darin gelegenen diinnen Fåserchen beschrieben. Andere Nerven- 

fasern giebt es nicht, weder im eigentlichen Nervenmark noch in 

den Nerven selbst. Diese meist geschlångelten Fåserchen verlaufen 

in den verschiedensten Richtungen die Mehrzahl jedoch der Långe 

nach; die von den Nerven stammenden strahlen nach allen Seiten 

in das Bauchmark hinein.«?) It is quite evident that Claparéde's 

»Fåserchenc, which he believes to be the real »nerve-fibres<, are the 

sheaths of the nerve-tubes, which, transsected longitudinally, very 

often have the »geschlångelte« appearance which he mentions. In 

1) As mentioned above, it is these cells which I call newroglia-cells. 

Je ersoofp. 1593. 



his description of a connective tissue, or »VIRCHOW's Neuroglia ver- 

gleichbare Stitsubstanz« in the nervous system, he says, even, that he 

has not been able to distinguish the fibres of this , Stiitzsubstanz* 

»von denjenigen der centralen, fibrillåren Punktsubstanz . ... auch 

scheinen sie in dieselben unmittelbar uberzugehen. VUeber die ner- 

vöse Natur der letzteren kann aber kein Zweifel obwalten.«'") The 

mode of origin of these »nerve-fibres« Claparéde scarcely mentions, 

and it seems as if he agrees with LEVYDIG, also, in regard to it. 

In his last memoir on the Annelids (1873) he gives a descrip- 

tion very similar to what is above quoted. 

SOLBRIG (1872) describes the »Punktsubstanz« as a granular 
fibrous mass which, in a successfully isolated preparation, may be seen 

traversed by »einem merkwiirdig feinen Fasersystem, dessen Fibril- 

len an dem Rande des Pråparates oft auf weite Strecken hin isoliert 

verfolgt verden können.« He compares this »Fasersystem« with 

the capillary reticulation of the vascular system, and supposes that a 

part of its function is to produce the correspondence of the unipolar 

ganglion cells with each other. Besides a direct origin of the 

nerve-tubes from ganglion cells, Solbrig also distinctly maintains an 

indirect origin from this »körnig-faserigen Massec, the latter mode 

being the most common one. In this case the nerve-tubes are 

formed by the union of several »Fibrillen des feinen Fasersystemsc«. 

STIEDA?) (1874) supposes the nerve-tubes of the Cephalopoda 

to be direct continuations of the processes of the ganglion cells. 

Such a relation, he has been able to observe in some few cases. 

»Ein anderweitiger Faserursprung låsst sich mit Sicherheit nicht de- 

monstriren.« He mentions some »feinsten Nervenfasern, kaum mess- 

bare Faden, welche ein im Centrum des Knoten befindliches schwer 

zur entwirrendes Netz bilden.« His view of the import or function 

of this »Netz« he does not, however, give.<« 

The writer who has paid most attention to, and has made the 

most minute investigations upon, the central fibrous mass of the inverte- 

brate nervous system is, in my opinion, HERMANN (1875). This eminent 

investigator has, in his really classical memoir, given a very circum- 

stantial description of this substance, describing it as being granular- 

fibrillous, and in which he very particularly indicates the course and 

ein of the fibres (1. c. p. 84 etc.). 

ecp. 595. 

2) I regret to say that to Trinchese's memoir on the nervous system of the 

Uephalopoda (1. c. 1868) I have had no access, as we do not posess it in the 

library of Bergen's Museum. 



The extremely slender fibrillæ of the mass spring, partly from 

cell-processes, partly from peripheral nerve-tubes, and partly from 

the longitudinally and transversally running fibres of the commissures. 

The fibrillæ unite in »Knotenpunkte« not in such a way, however, as 

to form a real reticulation. 

»Der Zusammentritt zweier Fibrillen verschiedener Herkunft von 

denen die eine z. B. von den Zellen entspringt, die andere den 

Commissuren angehört, geschieht in der Weise, dass die eine Fibrille 

— in Folge der Verlaufsrichtung unter nahezu rechtem Winkel — 

in die andere unmittelbar iibergeht. Nur eine kleine Verdickung 

die ich oben Knotenpunkt genannt habe, ist an der Verbindungs- 

stelle zu bemerken. Tritt an denselben Knotenpunkt noch eine 

dritte oder vierte Faser, so verwischt sich allerdings das charakteri- 

stische Bild und es ensteht der einer multipolaren Zelle åhnliche 

Körper, iber den ich bereits meine Ansicht mitgetheilt habe.«1) 

»Sorgfåltigst angefertigte Zupfpråparate bringen jene Knotenpunkte 

besonders dann gut zur Anschauung, wenn sie nicht zu feinen Durch- 

chnitten entnommen sind. Doch zeigen auch frische Pråparate diese 

Verhåltnisse, wobei jedoch die Untersuchung einmal durch die un- 

gemeine Blåsse der Fibrillen erschwert ist, ferner dadurch, dass alle 

nicht vollståndig zerzupften und so durch die Mannigfaltigkeit der 

Verbindungen netzförmig erscheinenden Theile in den Licken zwischen 

Fibrillen und Knotenpunkten eine helle, nahezu halbflissige Zwischen- 

substanz erkennen lassen, welche durch ihren Reichtum an Körnchen 

die Deutlichkeit des Bildes beeintråchtigt« (1. c. p. 84—385). 

This is quoted, thus circumstantially, because I propose to refer 

to it in describing my own investigations. From what is quoted, 1 

will be seen that Hermann supposes the central mass to be formed 

by fibrillæ, and by a granulous, viscous, »Zwischensubstanz<. 

1) Althougb Hermann has pever observed nuclei in these multipolar corpuscles, 

nor in the usual »Knotenpunkte«, he says of the former (1. c. p. 36): »Ich kann 

diese kleinen Verbindungskörper den iibrigen Ganglienzellen zwar nicht gleichstellen, 

halte fir sie aber doch den Werth multipolarer Zellen aufrecht, insoferne, als 

ich sie als Uebergangselemente betrachte, welche die Verbindung zwischen den zur 

Peripherie ziehenden Fibrillen und den im Obigen beschriebenen grossen Ganglien- 

körpern, seien es die »unipolarenc, oder die »multipolaren«, vermitteln.« Whether 

these Hermann's »Verbindungskörper« are identical with the interposed multipolar 

cells which Walter describes, I can not positively deny, but am, however, not dis- 

posed to think so. Walter's cells are, I think, identical with Haller's »Schalt- 

zellen«, which I call neuroghia-cells, whilst Hermann's »Verbindungskörper« and 

»Knotenpunkte« are, I think, thickenings of the neuroglia-filaments which are 

also perhaps, to a certain extent, artificially produved by teasing or splitting of the 

slender tube-sheaths. Their diameter is, he says, .0005—.0006 Mm. 



Regarding the origin of the nerve-tubes, Hermann's opinion is, 

that åa direct origin from ganglion cells is very rare, as a rule they 

have an indirect origin, and are formed of fibrillæ originating in 3 

different ways: 

I) from ganglion cells. »Diese Fibrillen sind aber micht, wie 

etwa vermuthet werden könte, direkte Auslåufer der Ganglienzellen, 

sondern entspringen stets von einem Knotenpunkte< (1. c. p. 85). 

On a careful examination of sections this is easily seen. »Die vom 

Zellvortsatz abzweigende Theil-Fibrille« generally penetrates to the 

middle of the fibrous mass of the ganglion. Here it unites with 

»Fasern anderer Herkunft« in åa »Knotenpunkt, von dem aus erst 

die Fibrille in die Bahn der Nervenwurzel, oft unmittelbar neben 

dem Zellfortsatz, ricklåufig "bergeht.< 

2) from fibrils of the longitudinal commissures, in such manner 

that a part of these »in Knotenpunkten endet, von denen andere 

Fibrillen entspringen, um zur Nervenwurzel zu ziehen.< 

3) and finally dørectly from fibrils of the longitudinal commissures, 

without their passing through any »Knotenpunkte<«.! 

In some cases Hermann has been able to detect a direct origin 

of dorsal tubes of the longitudinal commissures in ganglion cells, 

the mode in which these tubes terminate he has, however, not been 

able to decide.  Purther, he has stated the mutual interpassage of 

the processes of ganglion cells from one side into the nerves of 

ehe other side etc. 

Besides what is above quoted Hermann has described a great 

many interesting particulars regarding the minute inner structure, 

which, however, it would occupy too much space to mention here. 

It seems, however, as if later writers have paid much too little 

attention to these exellent investigations, which, indeed, contain an 

amount of persevering accuracy, which can not be too highly 

estimated, and which in my opinion a great many subsequent writ- 

ers have rather failed in affording.?) 

DIETL (1876, 77 and 78) describes the central mass which he 

calls »Marksubstanz« as »ein göberes oder feineres, unentwirrbares 

Netzwerk feinster Fibrillen<. The fibrillæ principally originate in the 

processes of the ganglion cells. »Die Auslåufer der Ganglienzellen 

(des Gehirns) tauchen in die Marksubstanz ein bilden hier eine reiche 

Zerfaserung zum grössten Theile das Substrat derselben und schliess- 

1) My view of Hermann's »Knotenpunktec« and fibrillæ will be seen from the 
description of my investigations on that subject. 

?) The report of Hermann's memoir given by Vignal (1. c. p. 297—298) is, 

In several respects, quite incorrect and misleading. 



lich ordnen sich die Fibrillen neuerdings zu verschieden starken 

Bindeln aus denen die peripheren Nervenstimme sich entwickeln<« 

(I. c. 1877 p. 24). He does not, however, deny the possibility of a 

direct origin of nerve-tubes existing. »Ich habe aber unter gewöhn- 

lichen Verhåltnissen nur ein solches Verhalten nicht mit untriiglicher 

Klarheit zur Anschauung bringen können<« (1. c. 1878 p. 487). 

RABL-RUCKHARD (1875), in his paper on the brain of the ant, 

has scarcely paid much attention to the histology of the brain. He 

calls the dotted substance »jener feinkörnigen, homogenen, keine 

Zellenstructur zeigenden Substanz, die so vielfach an der Bildung des 

Centralnervensystems der Arthropoden betheiligt ist« (1. c. p. 489), 

and his mention of this subject almost confines itself to that. 

FLÖOGER's paper on the brain of Insects (1878) has scarcely any 

more interest for our present researches as neither has he paid any 

particular attention to the nervous elements. In the fibrillar parts ot 

the brain, he distinguishes between masses of »netzförmig gestrickten 

Substanz« and masses of »långsfaserigen Substanz<, of which he gives 

no distinct description. The real structure he has not recognised; 

he says for instance (1. c. p. 561) that the fibres of this »lingsfase- 

rigen Substanz<, transversally transsected, have the appearance of 

points or dots (»bei Horizontalschitten erscheint das Ganze aus zahl- 

losen Punkten zusammengesetzt«). As far as I have seen he does 

not mention the relation of the nerve-tubes to the ganglion cells; 

judging from his various descriptions I think, however, that he 

supposes an indirect origin (i. e. in the central fibrillar substance) of 

the tubes or fibres, as he would call them, to be the rule. 

E. BERGER (1878) maintains a direct origin of the nerve-tubes 

from ganglion cells; this he has been able to, especially, observe 

in connection with the origin of the antennal nerve-tubes in Musca 

vomitoria which he therefore recommends as a good subject for 

examination to convince oneself of this mode of origin. He does 

not, however, deny that an indirect origin may possibly occur, and 

believes it, even, to be probable (I. c. p. 3). 

YUNG (1878) believes in a direct origin of the nerve-tubes 

from ganglion cells. »Les tubes,« he says, »ne sont bien en 

réalité que de simples prolongements cellulaires.« Still it seems as 

if he, to åa certam extent, e. g. in the origin of the nevepeer 

supposes a kind of double origin (direct and indirect?) to exist, 

this origin is not, however, definitely explained (p. 454). His 

view of the central fibrous substance seems to be of a some- 



what peculiar kind; he describes it as »une substance médulaire, 

finement ponctuée, divisée en masses plus ou moins cubiques par 

de fines lamelles conjonctives« (l. c. p. 459). Altogether, his ex- 

planations are certainly very indistinct, in another place (1. c. p. 453), 

regarding the central masses of the brain (he calls it »substance mé- 

dullaire« a translation of DIETL's »Marksubstanz«) he says: »ils re- 

sultent, en effect, dun complexus de fibres et de substance médul- 

laires que dans ces derniers temps BELLONCI, qui les a retrouvés et 

déserits chez la Squilla mantis. a comparé aux grands lobes du cer- 

veau chez les animaux supérieurs.« 

HANS SCHULTZE (1879) gives a view of the »körnig fibrillåre 

Centralsubstanz« somewhat similar to that of DIeTL. It has a 

retieular structure with anastomosing fibrillæ; when speaking of 

it, he uses expressions like »anastomotischen centralen Fasernetz«. 

He has never succeeded in really observing a direct transition 

of processes from the ganglion cells to nerve-tubes, but does, 

however, not absolutely deny its existence. An indirect origin he 

considers to be the rule, there even exist two kinds of indirect 

origin: »centralen Zellfortsåtze lösen sie durch fortgesetzte Theilumg 

in die körmig-fibrillåre netzförmig-verzweigte Centralsubstanz auf, aus 

dieser letzteren erst bilden sich direct Nervenfasern. Bei den Elato- 

branchiaten habe ich wiederholt einen anderen Modus des sogenannten 

indirecten Uebergangs beobachtet. Kleinen multipolaren Ganglienzel- 

len sind in die Leitungsbahn zwischen die grösseren Zellen und die 

nervöse, amastomotische Centralsubstanz eimngeschaltet. Auch sah ich 

bei Gasteropoden håufig intercellulare Commissuren.* 

This ,anderen Modus* is, consequently, somewhat similar to what 

is maintained by WALTER and WALDEYER. Ås will be subsequently 

described, these »eingeschalteten kleinen Ganglienzellen are, in my 

opinion, nothing but neuroglia-cells belonging to the inner »connective « 

tissue or inner neurilem of the nervous system. 

CLAUS (1879) maintains a direct origin of the mnerve-tubes 
from the ganglion cells as being the only mode of origin exist- 

ing in Phromimida. —»Die peripherischen Nerven wurzeln nicht in 

der sog. Punktsubstanz, sondern beziehen ihre Fasern aus Gang- 

lienzellen theils des entsprechenden Ganglions — und zwar sowohl 

gekreuzt als ungekreuzt — theils des vorausgehenden Ganglions, 

theils vom Gehirne aus.« Regarding the structure of »der sogenannten 

Punktsubstanz« he is in doubt; »die zarten, als protoplasmatische 

zu bezeichnenden Ganglienfortsåtze« have probably the same relation 

to this substance in the Arthropods, as they have in the Vertebrates. 

4 
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» Warscheinlich handelt es sich in der Punktmasse zum grösseren 

Theile um eine bindegewebige der Neuroglia der Vertebraten ver- 

gleichbare Substanz zu der die kleinen ovalen Kerne gehören, welche 

im Innern der Marklager auftreten.< 

NEWTON, in his paper on the brain of the cockroach (1879), 

has not advanced much further than Flöger in the knowledge of the 

dotted substance. Under a high power of the microscope, he says 

that, it exibits a fine reticulation the meshes of which are »extremely 

difficult to define«. In another part of the brain (the peduncles), he 

describes a »similar network, but not quite so fine, and the meshes are 

more elongated (fig. 14), especially towards the upper part, and it is 

this which gives it a fibrous appearance. It is, in fact, a bundle of 

fibres which freely anastomose with each other.« From this descrip- 

tion, and from the illustration, it is quite evident that the appearance 

which Newton describes as anastomosing fibres is produced by the 

sheaths of the slender nerve-tubes, they being transversally or semi- 

longitudinally transsected. Newton says that »the manner in which 

these remarkable nervous structures are connected with the other 

parts of the brain and nervous system has yet to be established.« 

Neither does he mention the origin of the nerve-tubes or their 

relation to the ganglion cells. On another occasion, he also mentions 

a network extending between the ganglion cells. He thinks it, 

however, to be probable »that connective tissue combines with 

nervous tissue to produce the appearance presented by their sections.« 

MICHELS (1880) has penetrated more closely, into the inner 

minute structure of the brain and ventral nerve-cord of Oryctes. He 

describes, very circumstantially, the course of the bundles of fibres 

and cell-processes through the fibrous mass. Though he has not quite 

understood the real nature of this substance he has, however, åa view 

of it which is more correct than that of many other writers. He callsit 

» Fasersubstanz« instead of »Punktsubstanz<, »weil ich nach Anfertigung 

von Långs- und Querschnitten eine molekulåren Punktmasse, wie Leydig 

von den Nervencentren der Arthropoden beschreibt. nicht habe auf- 

finden können, vielmehr immer nur mannigfach sich durchsetzende 

Långs- und Querfaserziige wahrzuhnemen im Stande gewesen bin.« 

The greatest part of these »Faserziige« especially the »OQuerfaser- 

zige« spring, in his opinion, from the processes of the ganglion 

cells; his opinion evidently is also that most peripheral nerve-tubes 

spring directly from such processes. He describes numerous »Quer- 

faserbiindel«, »die, aus den Ganglienzellen der eimen Seite ent- 

stehend, den peripheren Nerven der amderen Seite bilden, jedoch 
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zusammen mit einem Bindel, das in den Einschnirungen von 

den jedwede Bauchmarkshålfte durchziehenden drei Långszigen ab- 

tritt.«< These »Långszigen« do not, however, originate in »einer 

peripheren Ganglienmasse« nor in »einer centralen Punktsubstanz<, 

ysondern sind bloss Fortsetzungen jener nach hinten an Dicke ab- 

nehmenden Långsfaserziige, die sich durch die Schlundringskommis- 

suren bis zum Gehirn verfolgen lassen.« They run through the 

whole length of the ventral nerve-cord. 

An interesting view of the central mass is, in my opinion, found 

in KRIEGERS paper (1880) on the nervous system of Astacus. He 

prefers LEYDIG's name »Punktsubstanz« to DIETL's »Marksubstanz<, 

finding the former one characteristic, whilst the latter one is mislead- 

ing. »Die Punktsubstanz ist (he says 1. c. p. 540) ein Netzwerk 

oder vielleicht richtiger ein Filz von feinsten Fasern.« This is easily 

seen by help of high powers of magnification, in thin transverse 

sections taken from ganglia treated with osmic acid, it can also be 

seen in macerated preparations (obtained by maceration in 0.01 % 

ammonium-bichromate). In such, carefully treated, preparations »wird 

man deutlich wahrnehmen dass die Punktsubstanz aus åusserst feinen 

einander durchflechtenden Fåserchen besteht.« Regarding a direct 

transition of cell-processes into nerve-tubes, he does not deny its 

existence in Astacus, but has, however, not succeeded in really 

observing it. He supposes an indirect origin of the tubes to be the 

most common mode. »Die Ganglienauslåufer lösen sich, indem sie 

sich in immer feinere Aeste theilen, in der Punktsubstanz auf oder sie 

. bilden vielmehr dieselbe, indem die durch ihre Theilungen entstan- 

denen feinsten Fasern sich auf die verschiedenste Weise durchflech- 

ten, und anderseits kommen die peripherischen Nervenfasern aus den 

Punktsubstanzballen hervor, nachdem sie sich durch die Vereinigung 

verschiedener solcher feinster Fasern constituirt haben.« The division 

is not produced in such a way that »shon vorher getrennt neben ein- 

ander herlaufende Elemente (Primitivfibrillen), nur ihren gemeinsamen 

Verlauf aufgeben, sondern der vorher gemeinsame Inhalt einer Faser 

theilt sich in mehrere Aeste wie sich das Wasser in den Röhren 

einer Wasserleitung theilt, die die verschiedenen Håuser einer Stadt 

zu versorgen hat und in åhnlicher Weise verschmilzt der Inhalt der 

einzelnen Fåserchen die zu einer peripherischen Nervenfaser zusam- 

mentreten, nach meiner Auffassung ebenso zu einer gemeinsamen 

Masse, wie sich das Wasser verschiedener Båche zu einem Flusse 

vereinigt. « 

J. BELLONCI (1878, 80, 81 and 83) has supplied several beautiful 
4* 



å Føre 

contributions to our knowledge of the central fibrous mass of different 

invertebrates (Squilla, Sphæroma, Nephrops), as well as vertebrates. 

He has, very correctly, described it as consisting of connective tissue 

and mnerve-fibres, he has, however, not succeeded in finding the 

real relation between these two substances: »Selon moi, la sub- 

stance grenue-reticulée est formée dun stroma conjonctif et dun 

réseau nerveux. Le stroma conjonctif réticulé est excessivement fin 

dans les parties centrales du cerveau; au contraire, dans la périphérie 

des ganglions il est plus grossier et ne differe pas beaucoup de celui 

dont se composent les capsules cellulaires« (1. c. 1881 p. 178). Through 

this reticulation of connective-tissue, extremely slender mervous fibrillæ 

run in all directions, anastomosing with each other and forming another 

reticulation of nervous nature. These fibrillæ are partly derived from 

processes of ganglion cells, and, partly, they are constituents of peri- 

pheric nerve-tubes. He says of them: »ils proviennent des merfs 

périphériques et des cellules merveuses et se ramifient en une foule de 

branches grandes et petites qui, les reliant entre eux, forment un 

véritables réseau.« Besides an indirect origin of the nerve-tubes in 

this »réseauc, there exists, however, also a direct origin from gang- 

lion cells: »cependant il est certain que beaucoup de fibres péri- 

phériques proviennent directement du corps des cellules centrales et, 

dans les plus grandes cellules fai remarqué deux prolongements qui 

partent du meme pöle; lun forme directement une fibre nerveuse 

périphérique, l'autre se résout dans le réseau de la substance grenue.< 

As will be seen, these observations are, in several respects, very 

similar to mine on the nervous system of Myzostoma and of the 

Assidians etc. and, also, to many of those, on various nervous systems, 

which will be described in this paper. Bellonci has found the same 

»substance grenue-réticulée« in the nervous system of the various 

animals examined by him. 

ARNOLD LANG has, in his various papers (1879, 1881, 1884), 

afforded some valuable additions to our knowledge of the histology 

of the nervous system of the Polyelades, Trematodes etc. In my 

opinion, he has formed a very correct idea of the structure of the 

fibrillar substance in the nerves and ganglia. Of the nerves he says, 

for instance (1. c. 1884 p. 190): »Das spongiöse Aussehen auf dem 

Querschnitt kommt dadurch zu Stande, dass der Nerv aus lauter 

kleinen Bålkchen zu bestehen scheint, welche alle miteinander ver- 

bunden sind und welche zahlreiche rundliche, verschieden grosse 

kuekenfumsehliéssen ET Auf guten Pråparaten aber sind sie 

(i. e. die Licken) angefullt von einer feinkörnigen blassen Substanz, 



Øie an einzelnen Stellen Zellen und Kernen Platz macht .... 

die blasse, zarte, feinkörnige Substanz ist nichts anderes, als ein 

Querschitt einer Nervenfaser. Das spongiöse Balkennetz ..... er- 

weist sich also als ein Stiltsøewebe der Nervenfasern. Auf Långs- 

schnitten der Nerven ist natiirlich von einem spongiösen Bau des 

Stiltzgewebes nichts zu sehen, da die Balken derselben in der Richt- 

ung der Nervenfaser ausgezogen sind. In jedem Nerven bildet das 

Stitzgewebe deshalb mehr oder wenige zahlreiche, miteinander ver- 

schmolzenen Röhren, von denen jede eine Nervenfaser umschliesst.<!) 

Of the central mass (dotted substance) of the brain he says, after- 

wards (p. 190): »Ich glaubte fruher, dass sich das Stitzgewebe der 

Nerven bei den Polycladen nicht ins Innere der Gehirnkapsel fort- 

setze, habe mich aber, nachdem v. KENNEL?) die entgegengesetzte, 

Behauptung ausgesprochen hat, davon iberzeugt dass dieser Forscher 

im Recht ist.«< Lang's opinion must, consequently, be that the spongy 

looking »reticulation« in the dotted substance of the brain, as also 

in the nerves, is produced by a »Stiltzgewebe« or, as I call it, neu- 

roglia, which in reality forms tubes; an opinion in which I do quite 

agree with him, as will be seen from my subsequent description 

and also from my previous papers. 

In his description of the brain of the Trematodes, he even ex- 

presses himself quite unmistakably in favour of this view. He 

says: »Vergleicht man Schnitte durch das Gehirn mit Schnitten 

durch einen der starken Långsnerven, so ist man iiberrascht von 

den Ähnlichkeit der Bilder. Auch im Gehirn treffen wir, wie 

TASCHENBERG?) richtig bemerkt, auf Schnitten, die in der Långs- 

1) These nerve-tubes, he describes, at first, as anastomosing with each other. 

»Die Nerven bestehen aus åusserst zarten, mit einander anastomosirenden . .. 

Fasern« (l. c. 1879 p. 485). Later, in his Monograph (1884), he uses just the same 

words, dropping only the expression »mit einander anastomosirenden«. From this 

it seems as if Lang has, probably, partly changed his view regarding the anastom- 

osing of the fibres, and if so, he is, I suppose, right if I may judge from my in- 

vestigations on the nervous system of other animals. 

In his description of the nerves of the Trematodes he says (1. c. 1881 p. 37): 

»In Folge fortgesetszter Theilung solcher Lumina durch neue Scheidewånde kommen 

die kleineren Höhlungen der spongiösen Strånge zu Stande. Es darf uns deshalb- 

nicht verwundern, dass wir in den feinsten peripherischen Nervenåstchen nicht mehr 

das Bild des spongiösen Stranges sondern bloss das einer unregelmåssig punktirten 

Flåche erhalten; denn hier sind durch wiederholte Theilung der sehr fein gewor- 

denen Faserscheiden die Lumina auf eine ausserordentlich geringe Grösse reducirt. 

This is a description which, in my opinion, is also quite suitable for the dotted 

substance. 

?) Vide Kennel 1. c. 1879 p. 153. 

S) Vide Taschenberg 1. c. 1879 p. 19. 



richtung der Thiere gefuhrt sind, dasselbe spongiöse Gewebe, wie 

in den Nerven auf Querschnitten. Bei beiden sehen wir auf Flåchen- 

schnitten dasselbe System mit einander verbundener Röhren und 

in diesen Röhren liegen bei beiden gleichartige Ganglienzellen.<") 

In the »Stiittzgewebe« Lang even describes what he calls: 

, Faserkerne* (vide 1. c. 1879 p. 485 and Taf. XV, fig. 5 and Taåf. 

XVI, fig. 7, fk.); they have completely the appearance of neuroglia- 

cells. Although Lang does not say anything regarding his view of 

the nature of these nuclei, I do not think there can be any doubt 

of their real neuroglia-nature (vide also Monograph 1884, Taf. 32, 

fig. 9, d, 6,4, g, and also Taf. 31, ig. 6,97 5, 6 7 AEE 

describes small nuclei adhering to the processes of the ganglion cells, 

(»Auch der kleinen, den Auslåufern der Ganglienzellen anliegenden 

Kerne missen wir, als allgemein vorkommend, Erwåhnung thun.< 

Mon. 1884 p. 183, Taf. 32, fig. 9,a). These nuclei have/also Mute 

the appearance of those belonging to the neuroglia, as will be seen 

from Lang's illustrations. It is, consequently, a situating of neuroglia- 

cells quite similar to what I have previously described in Myzostoma, 

and to what will be described, particularly of Molluscs, in this paper. 

In the Trematodes there must, in his opinion, be a direct origin 

of the nerve-tubes from ganglion cells, so far as I understand him. In 

his description of their brain he says, for instance: »Auf liickenlosen 

Serien von Quer-, Långs- und Flåchenschnitten ist es möglich, alle 

Finzelheiten des Faserverlaufs zu erkennen und die Fortsåtze wenigstens 

der grössern Ganglienzellen bis in die Nerven hinein zu verfolgen.<?) 

Whether the nerve-tubes of the Polyelades have a direct origin in 

ganglion cells of the central nervous system, or an origin in the 

central fibrillar substance, he does not mention, and mneither does 

he give any distinct description of the dotted substance in these 

animals besides what is above quoted (vide p. 53). The central 

part of the brain, he says, consists »aus einer sich sehr schwach 

fårbenden, ausserordentlich feinfaserigen Substanz, in deren Inneren 

weder Kerne noch Ganglienzellen vorkommen.« From this descrip- 

tion it is, however, evident that we have a similar structure of the 

1) Regarding these cells situated in the nerve-tubes, vide foot note 2. 

?) In the peripheral nerves, he describes nerve-tubes wich are direct processes 

of ganglion cells situated in the nerves. The nerves of the Trematodes, he says, 

(1. c. 1881 p. 37) consist »zweitens aus der Nervenfaser, die, in diesen Røhren ein- 

geschlossen, die Fortsåtze der ebenfalls in ihnen liegenden Ganglienzellen darstellt.« 

As I have not examined the Trematodes, I can, of course, form no opinion of 

the correctness of this statement. 



dotted substance in Polyclades as in Trematodes, and also in Molluscs, 

Amnelids etc. 

SPENGEL (1881) describes in Oligognathus large ganglion cells 

with processes directly forming large nerve-tubes. LEYDIGSs and 

CLAPAREDE'S gigantic nerve-tubes, he supposes to be similar cell- 

processes. These nerve-tubes have sheaths of connective-tissue, being 

continuations of the connective-tissue enveloping the ganglion cells. 

Spengel gives no description of the dotted substance; he supposes, 

however, the observations just quoted to be of importance for 

our understanding of this substance. (»Aber auch fir die Frage 

nach dem Wesen der sog. Punktsubstanz werden diese Elemente 

eine Bedeutung gewinnen miissen.<) I suppose his opinion is, that 

it is also probably formed by »Nervenröhre« with sheaths — at all 

events to some extent — and here he is, in my opinion, quite right. 

FREUD (1882) does not seem to have paid any special attention 

to the structure of the dotted substance. The relation of the gang- 

lion cells to the nerve-tubes, he supposes to be the same in inverte- 

brates as in vertebrates, and he believes, to a certain extent at all 

events in åa direct origin. He expresses himself, however, very in- 

distinctly on this subject. 

«VIGNAL (1883) believes only in an indirect connection of the 

ganglion cells with the nerve-tubes by means of a granular fibrous 

mass. In his description of the Crustaceans, he says, for instance 

ep. 325): >Le,centre des ganglions est formé par des fibres 

nerveuses dun coté, des prolongements cellulaires de lautre; ces 

fibres et ces prolongements se melent intimement et forment un 

plexus d'ou partent les nerfs.« 

KOESTLER, in his paper on »das Fingeweidenervensystem von 

Periplaneta« (1883), mentions the structure of the »Stirnganglion< 

(Gangiion frontale). Of the minute structure of the fibrillar substance, 

he says nothing, but that it exhibits »einen netz- oder geflechtartig 

gestrickten Charakter.« His opinion of the importance of this 

substance he does not give; he seems to suppose the direct origin 

of the nerve-tubes in the ganglion cells to be the rule when he says: 

»Ganz deutlich ist der Ursprung der Nervenfasern aus den Ganglien- 

kugeln zu beobachten.« The ganglion cells are, in his opinion, all of 

them, umnipolar. Their relation to each other he does not mention, 

he only says that from them »ausgehenden !Nervenfasern gehen 

nach der Punktsubstanz hin und fast regelmåssig so, dass sich die 

von mehreren Ganglienkugeln ausgehenden Fasern vereinigen und 

dann gemeinschaftlich in die Punktsubstanz eintreten.< 
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VIALLANES'S voluminous papers (1884, 1885, 1887) on the nervous 

system of Atheropods have not much interest for our present re- 

searches, .as he has paid no special attention to the minute structure 

of the nervous elements. Regarding the structure of the dotted 

substance, he only quotes the general opinions of other authors, 

and seems, especially, to believe in the descriptions and views 

afforded by Krieger and Vignal. The merve-fibres (he distinguishes 

between three kinds: tubes merveux, fibres fibrilloides and fibres 

filiformes) have mo direct origin in ganglion cells, neither have 

the ganglion cells any direct combination with each other. Of 

the dotted substance (substamce ponctuée) he says for instance (l. c. 

1884 p. 14): »Cest delle que tous les nerfs tirent leurfonsme 

c'est dans elles que les prolongements des cellules ganglionnaires 

viennent tous se jeter. Ainsi les cellules ne peuvent communiquez 

entre elles, les nerfs ne peuvent communiquez avec ces mémes 

cellules que par lintermediaire de la substance ponctuée.< 

BOÖHMIG (1884) has himself given the following summary of the 

results of his investigation of the dotted substance etc. of the Gastero- 

pods. »Die Markmasse wird von einem Punktsubstanzballen gebildet. 

Unter Punktsubstanz hat man ein inniges, filzåhnliches Gewirr von 

Primitivfibrillen, aus welchem die Zellfortsåtze gebildet werden, zu 

verstehen. Aus der Punktsubstanz gehen die Nerven durch eine 

parallele Anordnung der erst wirren Primitivfibrillen hervor. Durch 

eindringende Bindegewebssepten werden die Fibrillen zu secundåren 

Bindeln vereinigt. Fine directe Uebergang von Zellfortsåtzen in die 

Nerven, also ohne vorherige Auflösung in der Punktsubstanz, kommt 

vor; und zwar fast bei allen Nerven. Jedoch ist diese Erscheinung 

selten« (1. c. p. 45). As will be seen, this view is somewhat similar 

to that of SOLBRIG; the merve-fibres may have a direct origin as 

well as an inmdirect one. 

PACKARD (1884) makes, in my opinion, some very interesting 

statements regarding the structure of the brain af Asellus communis. 

As to the structure and importanee of the dotted substance, or 

»myeloid substance« as he calls it, he does not think himself in 

a position to say anything with certainty. He says of it (l. c. 

1884 p. 6): »This latter substance does not exist in the nervous 

system of the vertebrates, and just what its nature and function 

clearly are in the invertebrates has yet to be worked out.« »His 

own opinion from what little he has seen is, that the myeloid sub- 

stance is the result of the splitting up into åa tangled mass of very 

fine fibrillæ of certain of the fibres thrown off from the mono-polar 
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ganglion cells, i. €., such fibres as do not go to form the main 

longitudinal commissures.« As to the origin of the nerve-fibres, and 

their relation to the dotted substance and the ganglion cells, it will, 

already, from what is just quoted, be seen that Packard does not 

guite agree with Leydig; 1. c. p. 5 he says for instance: »there 

is no doubt but that all the ganglion cells give rise to fibres, some 

of which at least pass directly through or above or around the 

myeloid substance of the cerebral lobes and form the commissures 

(i. &., the transverse as well as the longitudinal ones). This indepen- 

dence of the myeloid substance appears to be more general in the 

Assellidæ, at least this we would infer from Leydig's statements previ- 

ously quoted.« Packard even thinks it to be »little doubt but that in 

all Arthropoda certain nerve-fibres arising in the pro cerebral lobes 

(from ganglion cells) pass uninterruptedly to the last ventral ganglion< 

(1. €., through the whole central nervous system).!) Å great many 

peripheric nerve-fibres, he supposes, however, to originate in the way 

which Leydig has indicated; he says that in the »myeloid substance< 

a great many processes from ganglion cells become »broken up 

into a tangled mass of fibrillæ, which unite finally to form the fibres 

constituting the nerves of the appendages.« Whether he supposes 

all peripheric nerve-fibres to originate in this way, or not, I have not 

understood from his description. 

FRAIPONT (1884) affords some interesting informations regard- 

ing the histology of the mnervous system of the Archeamnelids. 

Judging from his description, I think there is no doubt, but that 

the central nervous system of these primary Annulates has a 

histological structure which is, principally, of quite the same type 

geMthat of the centtal nervous system of higher Annulates, 

Eetnropods and other invertebrates, to be treated of in this 

paper. He distinguishes between two constituents, an external 

layer of ganglion cells and a central fibrillar mass; for the 

latter he uses various designations: »substance fibro-nerveuses<, 

»substance ponctuée<, »substance nerveuse fibro-ponctuéec, »mass 

mmement ponctuée et fibrillaire« etc. It is evident that he sup- 

poses this mass to consist of a web of slender fibrillæ; 1. c. 1884 

p. 267 he says, for instance: »Figure 5 (pl. XI), on peut voir au 

milieu des cellules ganglionnaires les sections trausversales ou obliques 

1) As will be seen in my memoir on Myzostoma (1885), p. 35 & 75, I 

have expressed myself in very similar terms upon this subject, and have said that 

I believed similar longitudinal nerve-fibres etc. to be generally present in Annelids 

and Arthropods. 
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de fibrilles trés minces mélées åa une substanse finement ponctuée.« | 

Whether he considers these fibrillæ to spring from the processes of. 

the ganglion cells, he does not distinctly say, though I suppose this 

is his opinion. The ganglion cells, he says, generally send their 

processes into the fibrillar mass, and here they can sometimes be 

traced only for a short distance, sometimes he has seen them, 

even, penetrate the whole fibrillar mass of the ventral nerve- 

cord (»dans toute son epaisseur«). Whether he supposes a direct 

origin of the nerve-tubes in ganglion cells or an indirect one, I am 

not quite sure. In the head of Polygordius he describes two masses 

of ganglion cells in which »émerge un faisceau de fibrilles nerveuses 

formant un gros nerf qui constitue l'axe de chaque tentacule« (l. c. 

p. 263). P. 270 he says: »Béaucoup de prolongementskdeNee 

cellules pénetrent dans la masse fibrillaire et contribuent å la forma- 

tion du faisceau longitudinal; dautres traversent verticalement la 

region fibrillaire.«< Of the tentacular nerves of Protodrilus and Sacco- 

cirrus he says, however, that they take their origin »de la masse 

centrale fibro-ponctuée du cerveau.« The same he, also, says of the 

commissures. 

VEJDOVSKY, in his Monograph on the Oligochætes (1884), gives 

us no distinct description of our subject though he mentions it rather 

circumstantially. The fibrillar »Punktsubstanz< he describes as con- 

sisting of slender nervous fibrillæ. Of the fibrillar mass of the ventral 

nerve-cord he says, for instance, that it »aus feinen, nur in der Långs- 

richtung verlaufenden und dicht neben und aneinander liegenden 

Nervenfibrillen besteht die bald einen gleichen kaum mehr als einen 

Bruchtheil eines Mikromillimeters erreichenden Durchmesser haben, 

bald, und dies in der grösseren Anzahl in der Mitte mit einer 

spindelförmigen Anhåufung eines feinkörnigen Plasmas versehen sind 

(Taf. VIII, fig. 2". Weder eine besondere Membrann, noch ein 

Kern kommen an diesen, wohl den letzten nervösen Formelementen 

zum Vorschein; indem sile, wie wir spåter unten erkennen werden, 

dem Zerfall einiger wenigen urspringlichen Ganglienzellen ihre Ent- 

stehung verdanken.«!) This description is written from observations 

on the living animal. Vejdovsky does not mention any interfibrillar 

substance like Hermann, and others, it is, therefore, very difficult 

to say whether he has seen the sheaths of the nerve-tubes, and 

described them as fibrillæ like most writers, or if he has really seen 

the nerve-tubes, but not observed their sheaths. I feel disposed to 

keep or: 



think the latter supposition to be the right one. — The relation of this 

fibrillar substance to the ganglion cells, and to the peripheric nerves, 

as also the . origin of the nerve-tubes, Vejdovsky defines very 

indistinctly, and I have not, indeed, succeeded in getting any clear 

idea of his real opinion. Once he says that in Dendrobæna he has 

observed the processes of the ganglion cells penetrate into the 

fibrillar substance where they subdivide »wiederholtenmalen in die 

feinsten Fortsåtze, um ein merkwirdiges Fibrillennetz zu bewerk- 

stelligen« (l. c. p. 90). »Diese Fibrillen sind jedoch ganz anderer 

Art als die jenigen, welche in der Långsaxe des Bauchstranges ver- 

laufen. Sie stellen nåmlich keine selbståndigen Elemente vor, sondern 

entspringen aus den Ganglienzellen in denen bereits altere Forscher 

eine fibrillåre Anordnung der Plasmaelemente sichergestellt haben.« 

How this ought to be understood, and what the importance of 

»diese Fibrillen« is, in Vejdovsky's opinion, I certainly can not tell.') 

Afterwards he tells us, that in other species of Oligochætes and 

especially in the larger ones, he has observed the ganglion cells 

send their processes directly into the fibrillar substance to form 

»quer und schråg verlaufende Fibrillenbundel<. The relation of these 

> Fibrillenbindel« to the nerves he does not mention, neither does he 

say anything of the origin of the nerves, so far as I have seen; he 

only tells us a little of the views of previous writers, especially Will, 

Walter and Waldeyer, and it really looks as if he agrees with these 

old authors. 4 

SCHIMKEWITSCH, in his paper on »Ianatomie de l'épeire« (1884), 

has suplied no important adition to the knowledge of our present 

subject. Like Viallanes, he refers to descriptions, by other authors, 

of the structure of the »substance ponctuée« the significance of 

which he states to be very difficult to understand. He supposes 

the peripheric nervefibres to originate in this substance, and, thus, 

he does not believe in åa direct origin of the fibres in ganglion cells. 

REMY SAINT-LOUP, in his paper on »l'organisation des Hirudi- 

nées« (1885), agrees with Vignal regarding the histology of the 

nervous system and has therefore not taken up this subject for his 

own investigations. 

1) P. 92 he says that of these fibrillæ »sich offenbar nur ein Theil an der 

Bildung der queren und schrågen Fibrillenbiindel betheiligen. Die iibrigen feinen 

Fibrillen schlångeln sich zwischen der fibrillåren Substanz und diirften wohl zur 

Entstehung besonderer Hohlråume wesentlich beitragen.« These »Hohlråume« which 

he describes as »meist kreisförmige, farblose, undeutlich contourirte Feldchen« are 

evidently nothing but transsected nerve-tubes. 
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Of the numerous papers on the invertebrate-nervous system, 

which have appeared in recent times, we will only refer to a few. 

The most remarkable work in the latest literature on this subject is 

LEYDIG s »Zelle und Gewebe<« (1885) which has been already mentioned. 

There, he has modified, or to a certain extent changed, his previous 

view of the dotted substance. The fibrillar reticulation, which he and 

others have described, becomes nothing but a spongy net-work of 

supporting substance, spongioplasm, in the cavities of which the homo- 

geneous, really nervous substance, hyaloplasm, is diffused; the gang- 

lion cells as well as the nerve-tubes consist of the same substance. 

The nerve-tubes originate in this way: the spongioplasm, which in the 

central mass is quite diffusively arranged, unites and forms longitudinal 

fibres and sheaths which envelope the hyaloplasm like tubes; any 

isolation of nerve-tubes or fibrillæ in the central dotted substance 

can thus, as aå rule, not arise. It will be seen that this-1s å rather 

radical revolution in the views of most histologists. To a certain 

extent, in respect of the supporting substance of the central mass, 

it certainly reminds somewhat of Claus; in all other respects, however, 

Leydig holds a view quite different from that of the author named. 

PRUVOT'S view (1885) of the dotted substance or »matiére 

ponctuée« seems to be of a somewhat peculiar kind; he has not, 

indeed, succeeded in finding its real nature. In the brain, he de- 

scribes it in the following way (l. c. p. 232): »Cest une matiére 

homogene, refractaire aux colorations, offrant un fin pointillé qu' un 

grossissement suffisant permet de resoudre en petites granulations 

regulierement espacées et traversée seulement par quelques rares 

fibres anastomosées qui proviennent de la substance corticale.< 

What these »granulations« and »rares fibres anastomosées« really 

are in Pruvot's opinion, I dare not say, I think it is evident that his 

powers of magnification have not been suffieiently high. 

In his »conclusions générale« (l. c. p. 323) he gives the follow- 

ing summary of his researches on this subject: »En effet tous les 

éléments fibrillaires nerveux (prolongements des cellules, fibres des 

nerfs et des connectifs) traversent sans modifications la substance 

corticale, mais au niveau de la substanee médullaire se fragmentent, 

se résolvent en petites granulations dabord tres rapprochées et dis- 

posées en séries linéaires, qui sespacent peu åa peu et se perdent 

au milieu des granulations voisines pour constituer la matiere ponctuée. 

Cellesi est donc un intermediaire entre la cellule et la fibre, entre 

Télément central et Mélément conducteur . .. .< As will bepedn 

this is no very distinct description; his idea of the dotted substance 
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| Mens to be somewhat similar to that of Vignal, and also to the 

old one of Leydig. The nerve-tubes have no direct origin in gang- 

lion cells, but always in the dotted substance. »Ainsi les mnerfs 

prennent toujous leur origine réelle dans la matiére ponctuée et 

toutes les fois quils semblent partir du milieu dun connectif, qui en 

est dépourvu ainsi que de cellules nerveuses, on peut étre assuré 

qu'il ny a lå qu'un simple accolement de leurs fibres et quil en 

faut chercher lorigine dans un centre supérieur ou inférieur.« 

According to PRUVOT the nerves have two roots. He says 

ep. 253): »Chaque cordon (1. e. of the ventral nerve-cord) est 

luiméme divisé en deux et les nerfs de la chaine y prennent leur 

origine réelle par deux racines, une antérieure et une postérieure. 

Les nerfs pédieux étant chez les Annélides incontestablement mixtes 

par leur fonctions, il ne serait pas impossible que lune en représentåt 

la racine sensitive et I'autre la racine motrice.« 

This is consequently something similar to what HERMANN and 

others have already described in Annelids. NEWPORT has already 
described a similar arrangement by Insects 1834 (vide 1. c. 1834). 

POIRIER (1885) describes and illustrates the nerve-fibres of 

the Trematodes as being tubes with a granulous non-fibrous con- 

tents (containing nuclei and bipolar cells), but he does not give 

any distinct description of the dotted substance of the ganglia. 

He calls it »une substance spéciale finement granuleuse<«. In his 

opinion, it, however, includes nerve-tubes of which he says: »les 

tubes nerveus du cerveau et de sa commissure sont remarquables par 

le peu dépaisseur de leurs parois et le faible développement de la 

substance amorphe, qui réunit ces tubes et forme leurs parois.« He 

seems, thus, to have partly recognised the real nature of the central 

mass of the ganglia. It seems as if he supposes the nerve-tubes, as a 

rule, fo originate directly in the ganglion cells. Of the cells of the brain 

he says: »Les prolongements de ces cellules nerveuses se continuent 

directement, soilt dans les divers nerfs qui partent du cerveau, soit 

dans la large commissure transversale qui réunit ses deux lobes, et, 

de la apres avoir parcouru une partie du lobe opposé å celui dans 

lequel ils ont pris naissance, ils pénetrent dans les troncs nerveux 

qui en partent« (l. c. p. 605). 

BELA HALLER, who, half å year later than Leydig, published his 

paper on the histology of the nervous system of the Rhipidoglossa, may, 

in certain respects, be quoted as a contrast to Leydig. According to 

his description, the dotted substance — which he calls »das centrale 

Nervennetz« — consists of a net-work of nervous fibrillæ, which by 
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infinite anastomoses form minute meshes; these nervous fibrillæ 

spring from cell-processes, as well as from nerve-fibres. If Haller's 

illustrations of the central »Nervennetz<, are compared with Leydig's 

of the dotted substance, the resemblance must certainly strike every- 

body. The only difference is that, Leydig calls his reticulation å 

spongioplasmic one, in the cavities of which the real nervous sub- 

stance is diffused, whilst Haller calls his reticulation a nervous one, 

the fibrilæ of which are surrounded by interfibrillar substance. It 

may indeed be the same so far, because in both cases there must 

be a quite diffusive distribution of the nervous substance or nervous 

reticulation in the central nervous system. The cell-processes which 

contribute to the formation of this reticulation are, according to Haller, 

those which do not directly unite with other cells, and which do not 

directly form peripheric nerve-tubes; the latter he calls »Stammfort- 

såtze<«. He even illustrates isolated cells with processes forming a 

reticulation. 

The nerve-tubes have two modes of origin, some tubes originate 

directly in ganglion cells, and are direct continuations of »Stamm- 

fortsåtze<, other tubes originate in the central »Nervennetze«. 

No previous writer has so decidedly and emphatically maintained 

an infinitely anastomosing, reticular, character in the central dotted 

substance. 

At about the same time as Béla Haller, the writer of this 

paper published a Memoir on the structure of the Myzostoma and, 

subsequently, a paper on the nervous system of the Aseidia and 

Myxine. We have there maintained views very similar to those 

which will be laid forth here, and will therefore now refer to them 

somewhat cursorily only. The dotted substance is no anastomotic 

nervous net-work, but a complicated web or plaiting of nervous 

fibrillæ or tubes. In transverse sections a reticulation is certainly 

seen, it is, however, to a great extent produced, by the transsection 

of the sheaths of tube-shaped fibres traversing, or rather forming, the 

dotted substance; the reticulation is thus åa rather apparent one and 

is of a ,spongioplasmic* nature. It is, consequently, the same 

substance which Leydig has described under this name, but it has 

not, in the writers opinion, the reticular structure he has ascribed to it. 

Each cell has only ome, really ,nervous process*, if the cell 

has several processes, then the other ones are protoplasmic pro- 

cesses with a mnutritive function. The »nervous processes« pass 

to the »dotted substance«, and, there, they — either quite lose 

their individuality and sub-divide into fibrillæ, losing themselves in 



the fibrillar plaiting — or they maintain their individuality, and pass 

through the dotted substance and into a peripheral nerve, forming a 

merve-tube. They have, however, no isolated course, and give off 

extremely slender fibrillar branches to the fibrillar plaiting, on their 

way through the dotted substance. The merve-tubes have two modes 

of origin, they — either spring directly from ganglion cells (without 

isolated course as above mentioned) — or indirectly, from the 

fibrillar plaited texture. 

FRANZ VON WAGNER (1886) who, at the same time as I myself, 

has described the nervous system of Myzostoma)) supposes the 

merve-fibres or merves*) to have only an indirect origin; 1. e. in the 

»Punktsubstanz<«, which he believes to be »ein dichtes Geflecht 

feinster Fåserchen, welche aus der pinselförmigen Auflösung der 

protoplasmatischen Fortsåtze der Ganglienzellen hervorgehen. Aus 

diesem maschigen Filz treten die Nerven heraus.« »Das schwammig- 

netzige Gefiuge«, which Leydig describes, in »Zelle und Gewebex, 

v. Wagner has also observed; his opinion of the nature of this 

substance he does not, however, give. 

Towards the close of last year another paper by BELA HALLER 

appeared. In it the author states his results of some investigations 

on the structure of the nervous system of Ammelids, Arthropods 

(Tobanus bovinus) and some Vertebrates. He compares these 

results with his previous description of the nervous system of the 

Rhipidoglossa. In the dotted substance of the latter he found 

no connective tissue, the substance consisted, exclusively, of a central 

nervous reticulation springing from the processes of the ganglion cells. 

In those firstmentioned animals the case is different. In their nervous 

system the dotted substance is formed by a reticulation of connec- 

tive-tissue, as well as by a real nervous one. 

This is a description very similar indeed to that which BELLONCI 

already, some years ago, on several occasions. has given of the central 

nervous system of Crustaceamns as well as Vertebrates. Haller 

seems however not to know this Italian author. 

In his opinion the nervous system of the Mollusca represents, 

thus, a very primitive state, being difficient in a reticulation of con- 

nective tissue, it is in this respect like that of Coelenterates. In inverte- 

1) I have previously mentioned the memoir of Wagner in a paper on the 

nervous system of Myzostoma, which will, I hope, soon appear in »Jenaische 

Zeitschr. fir Nat.« 1887. 

2) v. Wagner does not believe that the nerves of the Myzostomes are really 

differentiated into fibres (vide 1. c. p. 48.) 



brates, as well as in vertebrates, he describes direct anastomoses 

between the ganglion cells. 

Haller also quotes the writers papers on Myzostoma and 

Ascidians etc. As they are mostly written in Norwegian, he seems, 

however, not quite to have understood them. — As will be shown 

in this paper, Hailers supposition of no connective tissue in the 

dotted substance of the nervous system of the lower Molluses is 

incorrect. 

d) The combination of the ganglion cells with each other. 

Regarding the combination of the ganglion cells, two opinions 

have especially been prevalent. Either, a direct combination by di- 

rect anastomoses is described, and asserted — or the existence of 

such a combination is denied, the latter view is, strangely enough, 

maintained by very few writers, and searcely by any modern writer. 

The former view is especially defended by WALTER and WALDEVYER, 

and is certainly, without comparison, the most prevalent view amongst 

histologists, and has existed from a very early period. 

Amongst its more modern adherents are HANS SCHULTZE, 

BÖHMIG, BELLONCI and others; a very zealous adherent is BELA 

HALLER, who scarcely illustrates a ganglion cell which does not 

anastomose with another. According to this view, or rather theory 

of a direct combination, there is a prominent disposition in papers on 

the nervous system to find multipolar cells everywhere; Béla Haller 

even says, with VIRCHOW, that the more closely the central nervous 

system is investigated the less numerous will the unipolar ganglion 

cells be, if they do not indeed quite disappear. The fact is, that 

multipolar cells and direct anastomoses were necessary to the theory 

of the combination of the nervous elements and the producing of 

reflex-movements, and what it is necessary to find to support our 

theories is very often too easily seen.') As a consequense of this, 

there are very few writers who have ventured to deny direct 

combinations or anastomoses between the ganglion cells. 

Amongst those who have expressed themselves most em- 

phatically as to their mon-existence, we may rank BUCHHOLZ and 

SOLBRIG, who in opposition to Walter and Waldeyer quite decidedly 

deny any direct combination. The combination between the cells is 

1) It may here be mentioned that the »neuroglia-cellsc and fibres, which are 

:nterposed between the ganglion cells, have certainly assisted a great many writers 

to see anastomoses, as they have not understood the real nature of this supporting 

tissue. 



according to both writers produced by the »feinsten Fasersystem< 

in the dotted substance. 

CLAUS (1879) seems not disposed to believe in åa direct com- 

bination, neither VIALLANES, F. V. WAGNER and others. 

The writer of the present paper has, also, on several previous 

occasions firmly denied åa common existence of direct combinations 

between the cells, not having found any case of indubitable anasto- 

moses between cell-processes. 

As the present paper is just about to be completed, a memoir by 

Dr. BERNHARD RAWITZ on »Das centralen Nervensystem der Ace- 

phalen« appears in last volume of »Jenaische Zeitschrift«. As it 

treats of our subject, I will mention it here. 

First, it may be said that the powers of magnification used by 

Rawitz do not seem to have been high enough, which he also 

states himself; to this circumstance may perhaps be ascribed some 

of the results at which he has arrived. 

Regarding the structure of the ganglion cells, Rawitz supposes 

like Buchholz, Hermann, Freud and others, their contents to con- 

sist of two substances, »von den der eine eine netzförmig angeord- 

neten der andere eine Zåhe unter Umstånde ölartige Tropfen bildende 

Substanz ist, die in den Maschenråumen der ersteren suspendirt 

ist«  Rawitzs mistake regarding Buchholzs description of the 

protoplasm of the ganglion cells, we have already before mentioned 

(note on p. 32). Heis not sure whether the reticulated substance is 

the real nervous one or, »ob man nicht vielmehr die in Tropfen aus- 

fliessende Substanz als die eigentlich nervöse, die netzförmige (Buch- 

holzs hyaline) nur als Stitzsubstanz anzusehen hat, will ich defini- 

tiv nicht entscheiden, möchte aber die letztere Auffassung der 

Buchholz'shen vorziehen.« As mentioned already, this comparison 

with Buchholz is quite misleading, Rawitz has indeed just the 

same view as Buchholz regarding the hyaline substance, (»in 

Tropfen ausfliessende Substanze<, Buchholz's »hyaline Grundsub- 

stanz«) which Buchholz decidedly supposes to be the really nerv- 

ous one (cfr. my report of Buchholz p. 32). As will be seen from 

my description, I agree with Buchholz and Rawitz in this respect. 

Rawitz does not think a fibrillous arrangement in the cell to 

be very probable. 

It is very strange, indeed, that Rawitz seems not to know 

5 
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LEYDIGSs work: , Zelle und Gewebe*, which appeared, at least, one 

and a half year previous to Rawitzs paper, and is mentioned 

by Haller in his paper on the Rhipidoglossa; a paper which is 

quoted by Rawitz. It is so much the more strange, as Leydig in 

this work describes the protoplasm of the ganglion cells quite simii- 

arly to Rawitz. 

Regarding the shape of the ganglion cells, Rawitz describes 

unipolar, bipolar and multipolar cells; apolar ganglion cells do mot 

exist; neither has he observed cells with processes originating in the 

nuclei or nucleoli. The largest cells of all the three kinds occur in 

the visceral-ganglion, and are motoric, »homolog und analog den 

Vorderhornzellen im Riickenmark der Vertebraten.< 

»Unipolare Zellen im Sinne der alten Histologie« do exist, as 

well in énvertebrates as also in the spinal ganglia of vertebrates, as 

previously proved by the same author. That Leydig (1865) denies 

the existence of such cells is of but little importance; »denn einmal 

hat Leydig in der citierten Arbeit (vide list of literature 1865) die 

Ganglien nur in toto, nicht an Schnittserien studiert, und dann leug- 

nen die Physiologen uberhaupt das Vorkommen von nervösen Zellen 

die nicht mit anderen Zellen in direkter Verbindung stehen, weil dies 

mit der Theorie nicht in Einklang zu bringen ist. Darauf aber 

kommt es allein an: ob es wirklich nervöse Zellen giebt, die mit 

benachbarten Zellen micht in direkter Verbindumng stehen. Ob der 

Fortsatz sich weiterhin teilt, in ein Geflecht feinster Reiserchen sich 

auflöst, ob dieses Geflecht mit åhnlichen anderer Zellfortsåtze eine 

netzförmige Verbindung eingeht, ist vollståndig irrevelant. Es sei 

denn, dass man annimmt, jede einzelne Fibrille könnte gleichzeitig 

zentrifugal und zentripetal leitten. — Nun giebt is aber nicht bloss 

solch unipolare Zellen, welche nicht mit anderen in unmittelbarer 

Verbindung stehen, wåhrend der Fortsatz sich in feinste Reiserchen 

zerspaltet, sondern es giebt auch solche, deren Fortsatz umngeteilt in 

den aus dem Ganglion entspringenden peripheren Nervenstamm tiber- 

geht.*") In another place (p. 410) RAWITZ also says: »Die Phy- 

siologie mag sich stråuben, so viel sie will, sle muss mit der Existenz 

wirklich unipolarer Zellen im Sinne der alten Histologie rechnen.< 

How much my view differs from that of Rawitz will, I suppose, 

become evident from my description in this paper (vide sequel), as 

also from my previous papers on Myzostoma, Ascidians etc. What 

is above quoted is, I think, enough to show into how many dilemmas 

1) 1. €. p. 408—409. 



the old physiological view of the function and combination of the 

nervous elements has brought histologists. 

Rawitz divides the ganglion cells according to their processes 

into different kinds, as this, however, in my opinion, is of but little 

importance I shall pay no further attention to it here. This much I 

shall only say, that, what he calls »Schaltzellenc« — which are mul- 

tipolar cells having only »protoplasmic processes« (cfr. sequel) and 

situated only in the central »Nervennetz«') — are in my opinion 

not at all ganglion cells, but cells belonging to the neuroglia. 

Rawitz denies the presence of any connective tissue inside the 

outer neurilem-sheath; this is the more surprising as on the one 

hand neuroglia-cells, according to my investigations, occur in great 

number in Molluscs, and on the other hand he himself, besides the 

»Schaltzellen« above quoted, describes (p. 422) and illustrates (fig. 79) 

some, in his opinion, remarkable corpuscles from the cerebral gang- 

lia of Unio pictorum and Anodonta anatina. He has not been able 

to understand the significance of these corpuscles; he calls them 

»geschwånzte Kerne«. I do not think there can be much doubt, 

but that they are the cells which Buchholz has also mentioned, and 

which I describe as meuroglia-cells in the »dotted substance<. They 

have, certainly, quite the same appearance and shape. 

Rawitz describes numerous direct combinations between the 

ganglion cells of different kinds. These statements are, however, of 

but little importance to me, all much the more that Rawitz has not 

employed for his investigations lenses of very high powers or ho- 

mogeneous immersion; his observations cannot therefore be considered 

as quite reliable in all respects, and especially not in these, where 

the best lenses are decidedly quite necessary, if you are to obtain 

a position to be able to state anything with certainty. 

The processes of the ganglion cells have, according to Rawitz, 

numerous »variköse ea from which extremely slender 

fibrillæ very often issue. 

The cell-processes he divides into three kinds according to 

their course: 

I) , Stammfortsåtze*, »die direkt und stets ungetheilt zum peri- 

pheren Nervenstamm gehen.<« 

2) » Markfortsiåtze* which penetrate into the »Marksubstanze, 

and are, there, broken up into fine fibrillæ. 

1) »In welches sie eingeschaltet sind, um es in seiner Funktion zu verstårken, 

und das sie mit ihren Fortsåtzen bilden helfen.« 

på 
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3) » Protoplasmafortsåtze* which produce the combination of the 

ganglion cells with each other. They have the same appearance as 

the cell protoplasm. 

The »Stammfortsåtze« are rare and only occur in unipolar cells. 

The »Protoplasmafortsåtze« occur in bipolar and multipolar cells as 

well as also in the smallest unipolar ones, which should, conse- 

quently, completely want »Mark<«- or »Stammfortsåtzec«. 

In his description of the »Markfortsåtze« he expresses himselt 

somewhat indistinctly. »Markfortsåtze<, he says p. 416, occur in all 

cells, besides those which have a »Stammfortsatz«, and this he says 

after having just described cells wanting »Mark<«- as well as »Stamm- 

fortsåtze«. At one point he says: »Die geminipolen Zellen (conse- 

quently bipolar cells) haben nur Markfortsåtze«. Immediately after- 

wards he says: »Keine Zelle hat zwei Markfortsåtze, sondern immer 

nur einen« (l. c. p. 416). How this is to be understood is not, I 

think, very easy to say. 

Immediately afterwards he says, again, that »die oppositipolen 

Zellen (consequently bipolar cells) sind diejenigen Gebilde, welche 

noch am ehesten als solche betrachtet werden können, welche zwei 

Markforsåtze haben. He is, however, disposed to »auch bei Everte- 

braten wie bei Vertebraten (cmfr. his previous paper 1883 Arch. f. 

mikr. Anat. XXI) die oppositipolen Zellen als Nervenzellen sensu 

strictiori nicht anzuerkennen, sondern sie nur als kern- und proto- 

plasmahaltigen Interpolationen der Nervenfortsåtze resp. -fasern zu 

erklåren.«< Å view in which perhaps I, to a certain extent, can agree 

with him; though I have only succeeded in finding extremely few 

similar cells or formations. 

Rawitz describes, in the Acephales, an arrangement of the cells 

somewhat similar to what I, on previous occasions, have mentioned in 

Ascidians etc. In the outer layer, unipolar cells exclusively occur, in 

the middle layer, all kinds of cells, unipolar, bipolar and multipolar ones, 

and in the inner layer, close to the »dotted substance« multipolar 

cells principally occur. This is, as I have previously declared, in 

the closest relation to what I call the nutritive function of the 

protoplasmic processes, and it has not, in my opinion, the significance 

which Rawitz ascribes to it. 

»Der Markfortsatz oder Hauptfortsatz der multipolaren Ganglien- 

zellen<, of the Acephales are, according to Rawitz, »das Homologon 

des Deiters'shen Fortsatze der polyklonen Ganglienzellen im Vorder- 

horn des Riickenmarkes der Vertebraten.« And he believes it to 

be »morphologisch durchaus nebensåchlich, ob, wie bei dem Axen- 



cylinderfortsatz der Wirbelthiere, ein direkter Uebergang, oder, wie 

bei dem Markfortsatz der Acephalen, ein indirekter Uebergang zur 

Peripherie durch Vermittlung eines interponierten Netzes stattfindet.< 

He believes, thus, the unipolar, »geminipolen« and »pseudobipolaren< 

cells to be the only ones from which »eine nervöse Frregung aus- 

gehen, resp. in denen sie allein perzipiert werden kannc, whilst the 

multipolar cells are »Sammelorte fir diese Reize« and the »oppositi- 

polen« cells must be considered as »Faseranschwellungen< (vide l.c. 

å 422). 

Regarding the structure of the »dotted substancec, he arrives at 

the result, after having mentioned some previous writers: »dass mur 

HALLER die Struktur der Marksubstanz erkannt hat, DIeTL dieselbe 

zu ahnen schien, wåhrend alle ibrigen Autoren sich mit Bemerkun- 

gen wie »Filz feinster Fasern<, »Gewirr feiner Fåserchen« etc. ab- 

finden.« If RAWITZ had known works such as, for instance, that of 

HERMANN, which he does not seem to know, he would certainly 

have aknowledged that, also, other writers have tried, and not quite 

without success, to penetrate into this difficult subject. Rawitz's 

observations are even in some respects very like those of Hermann. 

RAWITZ adopts Dietl's designation »Marksubstanz<, as it is, in 

his opinion, more characteristic than »Punktsubstanz<, which he even 

declares to be incorrect; the reason why he does not, however, 

say. Upon the whole, I think it å very doubtful thing to give 

new designations where an old and well known one is present 

and generally used, which is the case here. I think it the more 

so when the new designation can scarcely be said to be a more 

characteristic one as to the structure; that it is so as to the contents 

does not even seem to me to be quite evident. »Marksubstanz< is 

not used for the same reason that Dietl uses it, viz. because it is 

situated in the »Mark« or centre of the sanglia, but because it, 

according to Rawitz, contains »eine nervenmarkåhnliche Substanz, 

welche unter gevisse Bedingungen die characteristischen Erscheinun- 

gen des Myelin darbietet.« That it really is »Mark<« or myeline 

Rawitz has observed, I do not think is at all proved in his descrip- 

tion; why may it not be a substance similar to the hyalin substance 

of the ganglion cells, and, indeed, I suppose it to be the same, 

though one, certainly, a priori, may feel disposed to suppose 

myeline, or a similar substance, also to be present, even, if not in 

the way supposed by Rawitz, i. e. diffusively extended in the meshes 

of the net-work described by him and Haller. 

Of the structure of this central »Nervennetz« he gives a de- 



scription quite similar to that of Haller. It is a anastomotic net- 

work of slender fibrillæ, which is diffusively extended through the 

whole dotted substance, and which is formed by the »Markfortsåtze< 

of the ganglion cells, as also by the »Schaltzellene, mentioned above. 

The only difference between Rawitzs and Haller's descriptions Is: 

that Rawitz ascribes to his »Nervennetz« numerous »Varikositåten<, 

whilst Haller does not mention anything similar; they occur at the 

points where the fibres forming the meshes unite; they appear »im 

mikroskopischen Bilde als dunkle Punkte«; and they are real vari- 

oceles and not merely optic products (l. c. p. 429). Besides this 

»Nervennetz« and the »nervenmarkåhnliche Substanz« there is, in 

the »Marksubstanz<, a third constituent, 1. e. slender fibrillæ which, 

in macerated preparations, may be isolated for long distances, and 

which are also varicose. »Sie sind ausserordentlich schmal aber 

nicht smaler als die peripheren Fibrillen. . ... Sie stellen das Pro- 

dukt des centralen Netzes dar, aus dem sie sich . 1 duren VER 

schmelzung von 2 oder höchstens 3 Netzfibrillen entwickeln.« . .. 

»Die Fasern selber treten durch die Maschen des Netzes hindurch, 

um vom ihrem Bildungsort zur Peripherie zu gelangen und werden 

wohl durch die markåhnliche Substanz von den Fibrillen des Netzes 

isolirt.«< Strange to say, RAWITZ supposes, here, the importance 

of this substance to be only isolation, whilst the substance he 

found in the ganglion cells, and which he suposes to be similar to 

this one, ought, in his opinion, to be considered as the real nervous 

substance strictly speaking, and the reticulation in the cells å sup- 

porting substance; that is consequently quite a contrary view. 

According to RAWITZ, connective-tissue occurs neither in the 

central nervous system of the Acephales nor in their nerves inside 

the outer sheaths, and in spite of this statement he describes cells, 

occuring in the nerves as well as in the central nervous system, so 

strikingly similar to those of the meuroglia, or inner meurilem, that 

I do not think there can be much doubt about their identity (e. g. 

comfr. his »Schaltzellenc, »geschwånzte Kerne«, round nuclei and 

oblong nuclei in the nerves etc.). 

Regarding the structure of the nerves of the Acephales he says 

that »die Nervenfasern einfach ein primåres Bindel von Axenfibrillen 

sind.« This is, in my opinion, a mistake, in which he, however, 

agrees with HALLER and other writers. 

Rawitz wonders that HALLER did not know the paper by 

BELLONCI on the »Tectum opticum der Knochenfische« (Zeitschr. f. 
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wiss. Zool. Bd. 35) but at the same time he, himself, does not seem 

to know the papers by Bellonci on the nervous system of inverte- 

brates, which would seem to be of even higher importance to his 

investigations. 

I think it is, indeed, also very strange, that neither Rawitz nor 

Haller (nor most modern writers) are acquainted with the exellent 

papers on the central nervous system of vertebrates by GOLGI, 

they quote a great many other and less important writers, but they 

do not seem to know this eminent histologist who, in my opinion, 

has really introduced a new epoch in our researches into the struc- 

ture of the nervous system.') 

If we look back at this review of the literature and compare 

the statements of the various authors with the results of my in- 

vestigations, it will be seen that in most respects, and these also the 

principal ones, I can scarcely agree with any of them; the author to 

whose views I feel most related is LEYDIG. As to the nerve-tubes 

and ganglion cells, we have seen that almost all writers, except 

Leydig, who describe a fibrillar structure suppose the nerve-tubes 

to consist of mervous fibrillæ and interfibrillar substance, and in the 

ganglion cells most of them describe a similar structure, whilst some 

writers describe a reticulation. Only LEYDIG has decisively expres- 

sed himself in favour of the »interfibrillar substancec, hyaloplasm, being 

the real nervous substance, whilst the fibrillæ should belong to a sup- 

porting substance, spongioplasm. As to the dotted substance, we have 

seen that most writers who have seen a reticulation or fibrillæ etc. 

in it, have agreed in calling the reticulation a nervous one, and the 

fibrillæ nerve-fibrillæ. Some writers have certainly described a nervous 

reticulation as well as a rcticulation of connective-tissue, but LEYDIG 

is the only writer who has decisively said that the whole reticulation 

was of supporting nature, and that the real nervous substance was 

the homogeneous one extended in the cavities of the reticulation. 

Though I do not agree with Leydig, he is, however, the author to 

whose views my observations are most related, the points in which 

we essentially differ will be seen in the description of my investigations. 

1) Haller certainly quotes from Unger a paper by Golgi, this is, however, 
an old paper (1872) and is relatively of but little importance when compared with 

Golgi's later publications. 
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2. The material examined. 

For my investigations I have used representatives of different 

groups of imvertebrates as also vertebrates, I have chosen classes as 

little related to each other as possible, partly, in order that if I found 

uniformity in these classes as to the histological structure, the ob- 

servations might be assumed to be of general importance to the 

whole animal kingdom, excluding those lower classes which have 

not, yet, got a relatively more developed nervous system. The 

Echinoderms and Coelenterates I will pay no attention to in this 

paper, as I intend to keep them for a separate paper. 

As a representative of the lower Molluscs I have chosen Patella 

vulgata, it being a large species which I could obtain in abundance 

in the neighbourhood of Bergen. 

Of Chætopodes I have examined different species of Nereis, as 

well as, also, species of other families, e. g. Leanira, Nephtys etc. 

Of Oligochætes I have investigated Lumbricus agricola. 

Of OCrustaceans I have particularly investigated the Homarus vul- 

garis, as also, occasionally, Nephrops norvegicus and some Amphipods. 

Of Ascidians I have had for my investigations specimens of 

Phalusia mentula, Ph. obliqua, Ph. venosa, Ph. prunum, Ascidia 

scabra, Corella parallelogramma, Ciona intestinalis and species of 

Cynthia. 

Of wvertebrates, it is especially those from the lowest stage of 

evolution, viz. Amphioxus lanceolatus and Myxine glutinosa to which 

I have paid attention. I have, however, also, examined other 

vertebrates e. g. Gadus morrhua, Tinca vulgaris, Rana temporaria, 

Mus musculus, Feliz domesticus, Homo sapiens and even Balenoptera 

rostrata. 

As, however, I intend to write a separate paper on the nervous 

system of the vertebrates, I will not pay much attention to these 

investigations on higher vertebrates in this paper, only so much may 

he said, however, that I, every where, have found the most beautiful 

uniformity in relation to most of the observations reported in this 

paper. | 

As to the vertebrates, I shall confine myself to mention some 

observations on Amphioxus and Mywime. I got Amphioxus in 

abundance at Naples where, by Prof. DOHRN'Ss extraordinary gen- 

erosity, I was allowed to study at the zoological station, in the 

spring of last year in spite of Norway having no working table at 

the station. Quite recently I received a package from that station 

containing numerous specimens of Amphioxus most exellently pre- 



served, in different ways, by SALVATORE LO BIANCO. For this, and 

many other services, it is a pleasant duty to return Prof. DOHRN 

my most sincere and grateful thanks. 

Myxine I have had in abundance from the neighbourhood of 

Bergen (Alverströmmen). ; 

3. Methods of Investigation. 

If my researches, in several respects, contribute somewhat to 

advance our knowledge of the minute structure of the nervous ele- 

ments, as I hope they will, and although I, in several respects, have 

arrived at results very different from most other writers, I think 

that must principally be ascribed to my methods of investigation, and 

especially to the methods employed for fixing, hardening, and staining. 

I have employed fresh isolated preparations, as well as macera- 

tions and sections. 

The fresh preparations were, usually, either examined in larger 

pieces (commissures or nerves) in the blood of the animal as re- 

commended by FrEUD (1882) or they were made in this way; 

the structures (nerves or ganglia), were taken as rapidly as possible 

from the living animal, and then by help of fine needles!) were 

teased in the blood of the animal, and afterwards examined as quickly 

as possible. Very often, also, I took as thin sections as possible 

from the fresh animal, examined them in blood, or teased and 

isolated the elements from them, by help of needles, in the same 

fluid. The last method is especially to be recommended for such 

Molluscs, e. g. Patella, as have the pedal nerve-cords and nerves 

imbedded in the strong muscular mass. A perfect isolation is, 

however, as a rule, not possible in this way, and therefore macera- 

tion becomes necessary. 

The fluid recommended by B. HALLER is not bad for the purpose. 

It consists of a mixture, acetic acid 5 parts, glycerin 5 parts, Aqua dest. 

1) For this purpose I would especially recommend glass-needles, which are, 

I believe, originally recommended by Stricker. They are cleaner, smoother and, 

in several respects, better than any metal-needles. They are, certainly, easily broken, 

but they are, also, on the other hand, very easily made from a glass-rod, with the 

aid of 2 gas-jet. If the hairlike extremity of the needle is passed through the 

flame before use, åa very good point is obtained, blunt enough not to break or cut 

the elements when cautiously isolated, but still very fine and pointed, allowing the 

most delicate manipulation. 



20 parts. I treated the structures, cut into as small pieces as possible 

with this fluid for one or several hours (sometimes even for a 

whole day), then teased them in glycerin (50 %,) and éeaømmed: 

or washed out, and stained with ammomia-carmine Or picro-carmine; Or 

diluted hæmatoxylin (DELAFIELD' solution) which I, for many purposes, 

can specially recommend, as it gives a very distinct staining, and 

the isolation is not very difficult afterwards. 

This HALLER'S maceration-method is very convenient in many 

cases, and is an extremely quick one; the isolation is often possible 

in less than one hour, and in such quickly isolated (or stained and 

isolated) preparations no change of import in the form or structure 

of the elements was perceptible. 

Another, and for some purposes still better, method is with å 

weak solution of Alcohol. I tried different dilutions from RANVIER'S 

»Alcohol au tiers«!) (30 %) down to alcohol of 25 % or 20 % 

and even I7 % (as recommended by SOLBRIG). I have found the 

weaker solutions especially very good. The structures — freshly 

cut sections or pieces (always as small as possible however) — 

were macerated for one or several days, sometimes even weeks, 

then stained in ammomia-carmine diluted with an equal quantity of 

macerating fluid, for 24 hours, and teased in glycerin of 50 %. 

Picro-carmin and DELAFIELDS hæmatoxylin were also employed as 

staining agents, the latter agent gives, also, here, when employed 

for a short time, good results. 

I usually stain before teasing or isolating, because I think it 

much more practical, and when one is careful not to employ too 

strong solutions, and to dissolve or dilute the staining colours in the 

macerating fluid when possible, it does not at all disturb the facility 

of isolatton in any notable degree. 

After having teased the sections or small macerated pieces in 

glycerin, I always protect them with coverglasses on wax-feet, in 

order that I may improve the isolation, if not sufficient, by careful 

knocking on the coverglass with a pencil, or a needle. 

Besides the above mentioned methods I have, of course, also 

1) How Rawitz arrives at the conclusion he mentions, that Ranvier's 

»Alcohol au tiers«, which consequently is about 30 9/,, preserves less perfectly 

tban the dilution recommended by himself, which contains about 25 %/, alcohol 

or less, and how he, in the latter fluid, can keep the preparations for 6 weeks 

withouth any deformation, whilst in the former fluid fungi grew after a few days, 

I really do not understand. In my opinion it ought to be just the contrary, if any 

difference is to be perceived in that respect. 
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employed the classical, diluted solution of potassium-bichromate 

(0.03—0.I %). Maceration in this fluid for several days, and stain- 

ing in ammonia-carmine diluted with or dissolved in the macerating 

fluid!) gives very good preparations. Å shorter staining with diluted 

hæmatoxylin may also be recommended. Upon the whole, macera- 

tion in potassium-bichromate is a method which cannot possibly be 

omitted, if the most delicate structure is intended to be disco- 

vered and explored with good results; it is certainly one of the 

oldest methods but also one of the best. 

By the use of ammonium-bichromate, in very diluted solution 

(0.03—0.I %), results are, I think, obtained very similar to those 

obtained by potassium-bichromate. The difference is, at all events, 

not so great as to make it necessary to dwell upon it here. 

A maceration-fluid which is, I think, for many purposes very 

good, is that originally suggested by LANDOIS, and subsequently 

recommended and described by GIERKE.?) It consist of åa mixture 

of: chromate of ammonium (concentrated solution I part), phosphate 

of potassium (conc. sol. I part), sulphate of sodium (conc. sol. I part), 

Aqua dest. (20 parts). 

The sections or small pieces are macerated for one or several 

days, then stained with ammomnia-carmine, picro-carmine or diluted 

hæmatoxylin. The dilution of ammonia-carmine with this macerating 

fluid, as recommended by GIERKE, Is, according to my experience, 

not possible, as the carmine is precipitated. The isolation by this 

method Is åa very perfect one. The more delicate structures are, 

however, slightly visible, as they become too transparent. 

The most important thing in researches upon the histology of 

the nervous elements is, beyond comparison, to get good sections from 

well fixed and stained preparations. This is, no doubt, the surest 

and most decisive method. Å very careful preparation is, here, 

however, of the greatest importance. | 

Å splendid fixing, and at the same time hardening, agent is the 

chromo-aceto-osmic acid (FLEMMINGSs strongest formula), which for 

our purpose affords really excellent results. I have employed both 

of FLEMMING'Ss formulæ and think the strongest one the best. Itis: 

Gnomnefacddre rs parts 

Gsmeadde 

PNcete add ae oaess.) 

1) As recommended by Gierke (1885, Arch. mikr. Anat. Bd. XXV p. 447). 

Ole. 1885 p. 446. 

3) Flemming: Zeitschrift f. wiss. Microscopie Bd. I. 1884 p. 349. 



I treat as small pieces as possible with the fluid (in not too small 

quantities) for 12 to 24 hours, or sometimes even longer (2—4 days), 

they are then washed and may now, directly enclosed in paraffin (not 

imbedded), easily be cut, under water or alcohol, on the microtome; if 

necessary the pieces may also be hardened in alcohol. If cut with 

a sharp knife, one obtains in this way really brilliant sections. I 

have even got sections only .005 mm. thick. The sections are 

stained in different ways, carmine, hæmatoxylin (DELAFIELDS, WEI- 

GERT'S or HEIDENHAIN'S solutions) or coal-tar colours (eosin, nigro- 

sin, methylen-blue, etc.), or combinations of these different staining 

methods are used. 

As a, for many purposes, really excellent combination, it may 

be recommended first to stain! the sections in an aqueous solution of 

hæmatoxylin ('/ %/9) for some hours or longer, then wash out and 

treat the sections for a day (or longer) in åa solution of potassium- 

bichromate (.5—1 %); afterwards, wash out again (not too much) 

and stain in DELAFIELD's hæmatoxylin '); if overstained, decolour in 

water to which a few drops of acetic acid have been added. The 

sections are examined in glycerin (50—100 %) or in canada bal- 

sam. The preparations obtained in this way are, indeed, in many 

respects superior to any others. 

As however the method is certainly somewhat complicated, I 

prefer, when possible, to stain in toto. This affords very good results 

when the pieces are sufficiently small, and are treated carefully. In 

this case, of course, a longer time is necessary for staining, de- 

pending on the size of the pieces. DELAFIELD's hæmatoxylin I generally 

employ very diluted, for staining in toto. | 

Another method, which affords excellent results for some pur- 

poses, is fixing and hardening in alcohol gradatim. —Especially 

for Amnelids, it is very good first to narcotise the animals, by 

carefully pouring a thin layer upon the surface of a small portion of 

seawater in a glass in which they live. When narcotised they are 

stretched on a waxplate and hardened in alcohol gradatim. When 

sufficiently hardened, (not too much) they are stained in å watery 

solution of hæmatoxylin, and afterwards treated with potassium- 

bichromate as originally recommended by HEIDENHAIN. For some 

purposes fixing in a saturated watery solution of picric acid is still 

better, then washing out in diluted alcohol and staining as above, 

1) As will be seen this method is very like that already recommended by 

Flemming, for staining of glands. Zeitschr. f. wiss. Microscopie Bd. II. 1885 p. 517. 
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— or, also, fixing in LANG'Ss /lmid (corrosive sublimate 120, in sea- 

water, or in an aqueous solution of chloride of sodium 6 9, acetic 

Beid 6 *,, alum 0.5 %) then washing out, hardening a little in 

alcohol gradatim and staining with HEIDENHAINS hæmatoxylin 

as above. 

All these methods can be safely recommended for trials; every- 

one of them will, I think, for certain purposes afford results which 

certainly are obtained by none of the methods employed before. 

My list of methods is however not yet finished. For some 

purposes even the above mentioned ones were not sufficient, e. g. 

in Mollusca, where it was extremely difficult to arrive at any clear 

idea of the most minute structure of the nerves and LEVDIG's »Punkt- 

substanz<«. The following method gave, however, excellent results. 

The pieces for examination, cut as small as possible, were 

treated with osmic acid (I %) for 48 hours, then washed in run- 

ning water, and cut at once by the hand or in the microtome or they 

may first be hardened in alcohol and then cut. The sections, transverse 

and longitudinal, were stained in DELAFIELD's hæmatoxylin (diluted), 

and decoloured in water containing a little acetic acid. The sections 

were examined in glycerine or canada balsam. In this way, very 

distinct preparations of the fibrillar substance are obtained; the sub- 

stance obtaining a distinct blackish staining. 

Finally, I shall now mention a method whose importance for 

our future knowledge of the nervous system can scarcely be over- 

estimated, as it affords really quite marvellous preparations and far 

surpasses every method hitherto known. 

This is the black chromo-silver method of Prof. GOLGI (at Pavia). 

By modifications of this method I have obtained exellent preparations, 

even from the spinal nerve-cord of Fishes, in which nobody before 

has succeeded. Dr. FUSARI, assistent at the histological laboratory 

in Pavia, told me that he had worked for more than a year with 

the nervous system of fishes without getting any staining by this 

method in the spinal nerve-cord. In the brain, however, the method 

gave excellent results, which indeed Dr. FUSARI'S preparations also 

richly prove. This gentleman is, so far as I know, the only one 

who, besides myself, has successfully up to this time employed the 

method for fishes. I am largely indebted to him for the communi- 

cation of his experiences obtained in a lengthened use of the method. 

Besides on fishes and other vertebrates, I have also tried the 

method on several invertebrates, not yet, however, with so much 



success, as I think may, ultimately, probably be obtained. Still, I have 

also obtained staining here in several groups of invertebrates and, — 

in further experiments, it may probably be possible to find a modi- 

fication of the method, by which it would succeed on a larger scale. 

In Homarus I have already obtained very good results; as com- 

municated a year ago!) I have tried it on Ascidians, with some 

success. In Mollusca, I have also seen so many signs of a be- 

ginning reaction that I feel convinced that it is possible to obtain 

good staining, if only the most suitable modifications are employed. 

This perhaps a near future may enable us to succeed in. 

As I am still experimenting on this subject TN esrleer 

present, only quite shortly communicate the method I at present 

employ for the spinal nerve-cord of Myxine glutinosa. 

The merve-cord is cut out of the living animal. It must not be 

isolated, but must, necessarily, be taken with the surrounding sheaths, 

muscles and corda spinalis if any reaction at all is to be obtained. 

It is, however, also necessary to take care that the surrounding 

mass is not too thick, because in that case the hardening agents 

will penetrate too slowly; the half thickness of the corda spinalis 

may, therefore, very well be removed. This done, it is desirable to cut 

the preparation into short pieces (one or a few centimetres long) or, if 

one wishes to keep it in longer pieces, then, to make, in these, deep 

incisions with a sharp knife at short intervals. This done, the pre- 

parations are laid in a solution of potassium bichromate (2—2.5 %) 

for about an hour, then the solution is changed and made a little 

stronger (up to 3 % or more). Here they remain for about 24 hours; if 

there is plenty of solution it is not generally necessary to change it 

again. After 24 hours the preparations are put into a new solution con- 

sisting of 4 parts of 3 %, solution of potassium-bichromate, and I part 

osmic acid (I %, Sol.) in this solution they remain for about three days 

(72 hours); if there is not sufficient solution, it is necessary to change 

it after I or 2 days. Sometimes I have also employed solutions with 

more osmic acid (1 part osm. ac. [I %] and 3 parts potass.-bichr. [3 %o] 

as recommended by GOLGI) sometimes also with less osmic acid (1 part 

osm. ac. and up to 6 or 7 parts potass.-bichr. The good results 

of these different solutions depend much upon the temperature 

maintained in the rooms where the preparations are kept. After 

three days, or about that time, (the duration must be tested by 

results) the preparations are directly treated with silver-mitrate. At 

1) Nansen 1. c. 1886. 



first it is well to wash them in a weaker solution (.5 %) of silver- 

nitrate and then afterwards place them in stronger solutions (up to 

After one day the staining is .generally complete. If one 

wishes, however, to keep the preparations for some time before cutting 

them, they must be kept in å clean solution of silver-nitrate. It is 

best, of course, to keep them in opaque bottles; kept in that way 

they are not destroyed even for months. If we wish to take sec- 

tions we may cut them, directly from the silver solution, with a 

Earp razor, under alcohol. The sections need not be very thin; 

when cut, they may be, preliminarily, examined at once in glycerin, 

if the staining proves to be a good one — 1. &. if ganglion cells with 

all their processes, and nerve-tubes with their ramifications, appear 

quite dark or black on a transparent field, — then new sections 

åre made and washed well in alcohol of about 90 or 096 9. 

This washing I have usually performed in the following way: 

the inferior end of a funnel with a rather wide tube is closed with 

a plug of cotton so as to form a kind of filter. The sections are 

placed upon the cotton, then the tube of the funnel is filled with 

alcohol and another plug of cotton is pushed down the tube to 

a certain distance above the sections; the sections are thus situated 

in åa small tube-chamber filled with alcohol. When now, however, 

the body of the funnel is filled with alcohol, åa stream will slowly 

filter through this chamber and thus the alcohol in it will be con- 

stantly renewed. By putting more or less cotton into the tube one 

may regulate the velocity of the stream through the chamber. When 

the sections are sufficiently washed (in 4—8 hours) they are placed in 

absolute alcohol. If there are many sections, the alcohol is changed 

once or twice. Then (after some hours) the sections are placed for 

some time (some hours or more, even å day) in pure turpentine which 

has to be changed several times. Then they are placed on the slide 

in dammar-resin dissolved in turpentine and protected by no coverglasses 

if you wish to keep the preparations for a long time. The dammar 

Is at once dried in a warmbath or in an incubator, where the 

turpentine is very rapidly evaporated and the dammar becomes quite 

hard and smooth; a coverglass prevents the turpentine and other 

volatile oils evaporating. If the dammar is not quite smooth in 

some places after drying, a little more dammar is added to these 

places, and the drying repeated. A very good method of mounting 

is, of course, that recommended by Prof. GOLGI, it is, however, 

a, little more complicated. Prof. GOLGI mounts the sections, in 

dammar, on coverglasses, the coverglasses are again mounted on 
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wooden slides, in the middle of which square apertures are cut to 

suit the glasses. 

This is an exellent method and admits of the employment of 

oil immersions, another advantage is, also, that théå sections can be 

examined from both sides, which is often of great importance when 

the sections are thick. For many purposes the above mode of 

mounting on common glass-slides will however do. The preparations 

ought to be kept in darkness when not used. Series of sections 

stained by this silver method were obtained in the following way. 

Å piece of the spinal nerve-cord was disected out from a stained 

preparation, and treated quite in the same way as above indi- 

cated for the sections: washed in alcohol, transferred to abs. alcohol, 

then to turpentine. The only difference is that, I let the stream of 

alcohol pass quicker over it. From turpentine it is transferred to åa 

solution of paraffin in turpentine which is placed in an incubator heated 

to 569 C. and to which solution paraffin is again added, then into pure 

paraffin and then imbedded. The sections are now made at once, 

then fixed on the slide or coverglass by collodion, and mounted in 

dammar in the above indicated ways. This method may be recom- 

mended also for general purposes, even where no series are required, 

as it is much quicker and more convenient than the other method 

where each section must be treated and mounted separately, though 

it certainly does not afford sections with distinct staining of such 

permanency. 

If convenient, the sections of silver-stained preparations may also 

be stained with colours dissolved in alcohol, e. g. eosin, safranin, 

methylen-blue etc. In this way very nice looking preparations may 

be obtained. 

There are probably a great many ways in which this really 

exellent method of GOLGI may still be improved, and I would re- 

commend it to every histologist of the nervous system, for further 

experiments. 



Description of my investigations. 

I. The structure of the nerve-tubes in invertebrates. 

Homarus vulgaris. 

The nerve-tubes of the lobster (Homarus vulgaris) consist, as is 

well known, of an external sheath, with nuclei, and a viscous com- 

tents. They have a rather homogeneous and refractive appearance 

with doubly marked outlines when they are examined in the live-state 

under low powers of the microscope.)) On application of higher 

powers, a longitudinal striation, not very prominent but still quite 

distinct, is seen to form an axis in the centre of some large nerve- 

mupes (vide Pl. Il, fig. 12, A & B). This striated axis is, in some 

tubes, very narrow (fig. 12, A) and in the rest of the tube-contents 

no striation is visible, but only a few lines close to the axis. In 

other tubes the striated axis is broader, and more numerous lines 

are seen in the contents round it. In some tubes the striated axis 

is even very broad (fig. 12, B), and lines are visible almost through 

the whole contents except in the peripheral layers; they do not usually 

occur there or are, at all events, very rare. Upon å careful exa- 

mination of several preparations it is, in fact, possible to find every 

stage of striation, from tubes with a striation through the whole mesial 

parts of their contents, to tubes with a very narrow striated axis in 

their centre, in all these tubes it is, however, possible to observe a 

concentration of the striation towards the centre of the tubes, in such 

1) For examination of the tubes in the live-state, I think it is best to take long 

pieces of the nerves or commissures with their sheaths, as intact as possible, and 

examine them quickly in the blood of the animal; åa method which is especially 

recommended by Freud (1. c. 1882). The oesophageal commissures I found to be 

very suitable for the purpose as they are not too thick and can be very quickly 

- extricated. I have, of course, also isolated the tubes in the blood of the animal, 

and think this method to be very good, for some purposes, when it is quickly 

performed. 

6 
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manner that the intervals between the lines are narrower in the 

centre than they are more peripherically, and this is all the more 

prominent the narrower the axis IS. 

This striation in some large nerve-tubes is already observed and 

described by REMAK, and subsequently to him a great many other 

writers have described it, even HÆCKEL, who describes the tube- 

contents as being homogeneous, has seen it (as mentioned p. 30 

foot note 4) in some tubes. FREUD assures us, however, that a 

similar striation is visible in all nerve-tubes in a quite fresh state. 

In spite of this statement of FREUD's and in spite of the application 

of the best lenses (Zeiss's new apochr. lenses) I must confess that, 

I have found it extremely difficult to observe a striation in å great 

many mnerve-tubes. In the greatest number of the slender tubes 

and tubes of middle size, and even in some large tubes, it required, 

certainly, a predisposition to see a striation, and I really think that 

an uninterested eye would, in many cases, see no striation, even 

when the nerves or commissures were instantly taken from a quite 

fresh and living animal, which FREUD states to be a quite neces- 

sary condition if a striation is to be seen in all tubes ve 

also, in some rather slender tubes, observed a but little prominent 

striation (fig. 12, b) but there are a great many tubes and, as men- 

tioned, even large ones which have left me very doubtful as to 

their striation in the fresh state. | 

I do not think this, however, to be decisive as to the fibrillar 

or non-fibrillar structure of these tubes in the live-state, because, a 

priori, I think it to be very probable that if there are two sub- 

stances in the tubes, their refractive difference is perhaps so small 

that, when one of the substances is present only in very slender 

filaments or membranes, the whole contents look as a homogeneous 

mass, and that the refractive difference must be altered by chemical 

(fixing) agents if the substances are to become easily visible. That 

such is the case, and that åa distinct striation becomes visible in all 

nerve-tubes when treated with various fixing agents (chromic acid, 

osmic acid, picric acid, acetic acid, nitric acid, potassium-bichromate, 

etc. etc.) is a so wellkknown fact that it, certainly, need not be 

further mentioned here. (PI. II, fig. 15 & 16 epresents some smaller 

nerve-tubes; macerated for some hours in glycerine, acetic acid and 

water; a striation was distinctly visible.) 

Almost all writers who have seen a striation in the tubes in 

the live-state have agreed in declaring the darker thin lines of the 

striation to be nervous fibrillæ (»Primitivfibrillen<) swimming in an 



interfibrillar substance, this also explains their anxiety to find a 

striation in all tubes. As will be seen from my present paper, I do 

not agree with any of those writers, and when the further results of 

my investigations are known I hope we shall find a reliable ex- 

planation of the reason why a striation is not more generally visible 

than it is. 

LEYDIG forms an exception to most other writers in declaring 

the dark lines of the striation to spring from a structural support, 

spongioplasm, and not from nervous fibrillæ (vide Leydig I. c. 1885, 

mentioned before, p. 31). He has no doubt arrived at a more 

correct view than any other writer, but neither is he, in my opinion, 

quite correct, as will shortly be seen. 

If the view that fibrillæ and interfibrillar substance are present 

m the tubes, was correct, it ought, in my opinion, to be easy 

to isolate these fibrillæ by splitting the tube-sheaths longitudinally. 

This is, however, very far from being the case. I have split large 

and small nerve-tubes in the fresh state longitudinally and no fibrillæ 

om ihe kind were visible, I have teased them very carefully and 

some thicker or thinner filaments became visible in the extremities 

of the tubes. I never succeeded in obtaining, in spite of my most 

persevering care, neither fresh preparations nor macerated ones with 

brushes of regular fibrillæ in the extremities of the tubes similar to 

those illustrated by H. SCHULTZE in Molluses and Amnmelids. The 

filaments or fibrillæ visible at the extremities of the nerve-tubes had 

always a somewhat irregular appearance, with varying thickness and 

length, and they certainly looked as if they belonged to åa supporting 

substance and were to a certain extent artificially produced. 

A viscous homogeneous substance, as stated by SCHULTZE, was 

certainly also visible between those filaments. This substance never 

occurs, however, in such a way that I can say it formed an inter- 

fibrillar substance, and was diffusively extended in the nerve-tube. 

At the extremities of the nerve-tubes it always appeared on pres- 

sure in the form of regular small pearls issuing from the tube-contents. 

I never saw it appear in large pearls, not even in the large nerve- 

tubes where this substance, according to a great many writers, 

forms a thick layer surrounding a central bundle of fibrillæ. It had, 

in fact, always the appearance of these small pearls of viscous 

substance issuing from a great many extremely slender tubes or 

channels contaning the substance, situated close together and 

forming the whole contents of the nerve-tubes, and this we shall 

see is really the case. The filaments visible at the extremities of 
6* 



the nerve-tubes gave always the impression that they could have 

been produced by the sheaths of those slender tubes being split 

longitudinally and thus forming fibrillæ. The viscous substance is 

certainly very often seen adhering to these fibrillæ, but if we look 

carefully we will see that it always is in the form of small pearls 

adhering to the sides of them; I have never observed pearls quite 

surrounding, or embracing, a filament, which certainly ought to occur 

occasionally if the filaments were round fibrillæ swimming in an 

interfibrillar substance in the nerve-tubes. 

I have not been able to obtain any further information regard- 

ing the structure of the tube-contents from fresh preparations.!") 

If we examine macerated preparations we will not become 

much wiser, and neither do they suffice to solve the riddle as to 

the real nature of the fibrillar structure. 

The quickest and easiest method of maceration is that indicated 

by BELA HALLER (cmfr. p. 73—74). In that way an isolation of the 

tubes is possible even after åa lapse of one or two hours; the tubes 

exhibit a distinct sheath, with sheath-nuclei, as well as a distinct longi- 

tudinal striation of their contents (fig. 15); a staining is not necessary. 

In successful preparations you may find nerve-tubes with extremities 

more fibrillar and brush-like than any of those obtained in fresh 

preparations. With a good will and skilful hand you can, by 

teasing with fine needles, even improve this fibrillar appearance, 

nay, you can split not only the tube contents but also the sheaths 

longitudinally into filaments or »fibrillæ«. This shows, however, 

that these fibrillæ can be artificially produced, because most writers 

agree in declaring the sheaths to be homogeneous membranes of 

connective substance (neuroglia). If we now examine the fibrillæ 

under high magnifying powers we will find them all to have the 

same, somewhat irregular appearance both, those from the tube- 

contents as well as also those springing from the tube-sheaths. If 

we try other maceration fluids (e. g. weak sol. of alcohol, amm. 

bichr. 0.03 %, potass.-bichr. 0.1—0.03 %, LANGDOISSs fluid etc.) we 

obtain very similar results. By all these methods we arrive at the 

1) In Pl. IT fig. 13 an appearance of the nerve-tubes is illustrated which I 

have often noticed in the fresh state, and which easily could give rise to serious 

mistakes. a,æ are the hyaline-looking contents of the nerve-tubes (belonging to a 

peripheral nerve); b, 6 are the sheaths from which septa (G,c,C) aparently issue 

and penetrate into the contents of the tubes. These apparent septa are, however, 

an optic illusion only artificially produced by a slight bending of the nerve in 

which the nerve-tubes are situated. 
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conviction that a fibrillar structure is present but how this structure 

is to be regarded, that is the point respecting which we remain 

in uncertainty. 

| There remains then only our last but at same time best resource 

and that is to try what information we can obtain from transverse 

and longitudinal sections taken from preparations fixed, stained, and 

hardened in the best way our present histological technology can afford. 

As a very good method, for this purpose, I would especially 

recommend the following: the nerves or commissures, taken directly 

from the living animal, are treatod with FLEMMING's fluid (chromo- 

aceto-osmic acid, strongest solution cmfr. p. 75—76) for 12 to 24 hours, 

then washed for some hours in running water, and stained with alum 

hæmatoxylin (DELAFIELD's formula), or in an aqueous solution of 

hæmatoxylin (0.5 9,) and afterwards treated with a solution of 

potassium-bichromate (0.5—1 %) as recommend by HEYDENHAIN 

(vide p. 76). Now the structures are washed, again and hardened, 

somewhat quickly in alcohol gradatim. Preparations treated in this 

way can, as a rule, be very easily cut into thin sections, directly 

enclosed in paraffin only (vide p. 76). FEmbedding in celloidin or 

paraffin can of course also be employed; this can not, however, be 

performed with too great care as we have here to deal with struc- 

tures of the most delicate nature. 

In preparations carefully treated in this way, the nerve-tubes, 

with their contents, are fixed in their natural position and state, and 

no visible change of the form has taken place. 

If we now examine good and thin longitudinal sections, it will 

already, under low powers of the microscope, be easy to observe 

a distinct longitudinal striation in the larger as well as the smaller 

nerve-tubes. The extremely slender longitudinal lines or »fibrillæe 

have got a distinct blackish staining, and are situated with intervals 

between them, just similar to what we have found in the fresh state. 

The substance in these intervals is not stained, and has a homogeneous 

or rather a slightly granular appearance. If now, however, the 

Stained fibrillæ are real fibrillæ swimming in this homogeneous un- 

stained substance, it is evident that they, in thin transverse sections 

of nerve-tubes, must appear as minute black dots or points, just 

similar to what, VIGNAL for instance, has also really described and 

illustrated. 

But what do we find? — Instead of black dots, we find in the 

sections of the tubes a delicate reticulation, with minute circular 

meshes, apparently formed by extremely slender filaments (fig. 2; fig. 5, t). 
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In these filaments we certainly find small dark granules (fig. 6, a) 

which, occur however, only in the point or knots where several 

filaments unite; they never occurin the centres of the meshes. And 

the same reticulation is extended through the whole transverse sec- 

tion of every nerve-tube, and fills the whole space inside the 

tube-sheat. 

If we, now, compare the impressions which transverse sections of 

the nerve-tubes give, with those obtained by longitudinal sections, there 

can, in my opinion, be no doubt left but, that the ,fibrillæ* of most 

writers belong to a substance, spongioplasm, forming a bundle af 

slender, cylindrical tubes or channels enclosed in the neurilem-sheath 

of each mnerve-tube. These primitive tubes, 1f we may call them so, 

are filled with the homogeneous, viscous substance, hyaloplasm, which 

we already know from fresh nerve-tubes.") The granules in the transverse 

sections show themselves to be transsected thicker longitudinal fibres 

of spongioplasm which, occur especially along the longitudinal edges 

where several tubes, usually three, meet. If we imagine the spongio- 

plasm as forming cylindrical tubes laid or pressed together, it will 

be evident, that the spongioplasmic walls of the different tubes will 

unite and form septa, as the spongioplasm cannot, of course, be 

considered as a quite solid and unadherent substance; it will also be 

evident that, in the corners where several tubes meet the spongio- 

plasmic walls will be still thicker.?) 

In this way, I think, we may easily understand why it was so 

extremely difficult to isolate and get a clear idea of SCHULTZES 

>Primitivfibrillen«. As we have seen, they do not exist in the way 

he has explained; what he called fibrillæ, are the spongioplasmic walls 

between the real »primitive fibrilæ< or primitive tubes as I have 

called them. 

The above description refers to the structure of nerve tubes, 

which are, I think, in the most primary state. 

There are, however, in the longitudinal commissures, as well as 

also in the peripheral nerves a great many tubes exhibiting a kind of 

concentration towards an axis in their centre. — As described p. 81, 

a more or less concentrated longitudinal striation was visible in the 

1) The primitive tubes have a diameter of about .0015—.0017 Mm.; their 

size vary, however, and is very difficult to measure. 

2) There occur, however, besides these granules larger dark granules, as well 

in transverse sections as in longitudinal ones. They are usually very sparingly spread, 

especially near the centres of the nerve-tubes, as will shortly be mentioned and 

hey are always situated in the spongioplasmic walls of the primitive tubes. 
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centre of many large nerve-tubes. If we now examine similar nerve- 

tubes in transverse and longitudinal sections we will find that, their 

contents consist of a bundle of slender cylindrical primitive tubes, 

quite in the same way as that just mentioned. The only difference is 

that, their central primitive-tubes have åa smaller diameter and thicker 

walls, and are more deeply stained than the peripheral ones, it 

seems, indeed, as if they may have been pressed more tightly 

together and thus been obliged to occupy a smaller space, as they have 

on the other hand got a firmer consistency, with thicker walls. In 

this axis, and in its neighbourhood, larger dark granules, as mentioned 

above, also occur more frequently than anywhere else, which 

perhaps contributes somewhat to the darker staining. In some nerve- 

tubes this concentration and forming of an axis Is so far developed 

that it, in transverse sections (fig. 3), appears as a, by osmic-acid 

and hæmatoxylin, deeply stained spot in the centre of the tube. 

In this spot it is not easy to distinguish any structure or primitive 

tubes, but in extremely thin sections, and by very high powers, it 

Is, however possible to see slender tubes with thick, deeply stained, 

walls or membranes in which granules occur. In longitudinal sections 

a longitudinal striation appears as in fig. 4. In one end (fig. 4, a) this 

section has passed through the periphery of the axis and, here, a 

striation is distinctly visible; in the other end (fig. 4, a') the section 

has, however, passed more through the centre of the axis and, here, 

the staining is so deep that almost no striation is visible, all the less 

from the section being somewhat thick. 

Usually however this concentration is not so distinctly developed 

asihere. Nay, we can indeed find every degree of development, 

from the primary state where no concentration at all can possibly 

peraced to have taken place, up to an axis as described. 

Fig. 2, t,t, t” thus represent sections of fibres with different degrees 

of concentration, from a very slight one where we can only see 

that the primitive tubes are somewhat deeper stained in this central 

part than in the rest of the tube and in some nervn-tubes even this 

is not visible (€). 

It is the nerve-tubes with such an axis that, previous writers 

have called myeloid fibres; with what right we will, on a later 

occasion, have an opportunity of examining. 

However we consider this formation of an axis; in one thing 

we cannot be in doubt, viz., that the whole contents of the 

nerve-tubes, wether they håve an axis or not, is of real mervous 

nature, because the constructing element in the whole contents through- 
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out is, as we have seen, the , primitive tube*; that is the thread o 

which the whole rope is woven. 

In transverse sections of some nerve-tubes, largish vacuoli or, 

as it were, primitive tubes, can be seen (fig. 5,4, (Fie 

These vacuoli often occur in a peripheral layer just inside the 

sheath of the nerve-tubes (fig. 5, €, t”). I suppose, however, this 

appearance to be to a great extent artificially produced. In some 

cases the whole contents of the nerve-tubes has the same appearance 

(fig. 5,4) and looks as if it were principally constituted of large pri- 

mitive tubes, amongst which only some few primitive tubes of the 

common size are seen. I do not feel disposed to suppose this 

appearance to be only an artificial and postmortem product, though 

I cannot with certainty account for its nature at present. 

We have, hitherto, only mentioned nerve-tubes of a relatively 

large diameter; these are especially numerous in the longitudinal and 

oesophageal commissures, as will be seen from fig. 1, which re- 

presents a transverse section of an oesophageal commissure. We 

find, there, transsected nerve-tubes of very varying diameter.") In å 

great many large tubes (t, £, f,) a deeply stained axis is visible; in 

other large tubes (t”) no axis is visible. m.t represent somewhat 

smaller nerve-tubes running in a thick bundle along the centre of 

the commissure. s.mt represent very small nerve-tubes situated more 

peripherically. 

Large nerve-tubes, usually having an axis, occur very frequently 

also in the peripheral nerves, vide fig. 7, t; they have generally, as 

will be seen, very stout sheaths, and are prominent. 

On the other hand there are, especially in the peripheral nerves, 

a great multitude of extremely slender nerve-tubes; indeed, the 

peripheral nerves principally consist of such nerve-tubes (fig. 7, mt). 

These nerve-tubes have so small a diameter that, I have, usually, 

only observed some few primitive tubes inside their sheaths (vide 

fig. 8, nt); in åa large number of them I have even detected no pri- 

mitive tubes, and I believe they are partly constructed of only one 

primitive tube, the sheath of which is, however, much stouter than 

the spongioplasmic sheaths inside the larger nerve-tubes.?) 

These slender nerve-tubes are, in most nerves, usually arranged 

or united in bundles, and are enclosed in neurilem-sheaths, larger 

fagots of these primitive bundles are again enclosed in larger and 

1) We can find nerve-tubes with a diameter of more than 0.140 Mm.; and 

we can find nerve-tubes with a diameters of less than 0.003 Mm. 

?) The diameter of these smallest nerve-tubes measures about .0017 Mm. 



stouter neurilem-sheaths, and so on, concentrically, untill at last the 

whole nerve is enclosed in one common external neurilem-sheath.) 

It is, indeed, very difficult to tell here where the separation of indi- 

vidual nerve-tubes really begins, if we do not, as I have done, con- 

sider the smallest tubes with distinct stout sheaths as representing, 

each of them, a nerve-tube, consisting of some few primitive tubes 

only, or, in åa great many cases, of one primitive tube only. 

When we examine a transverse section of a nerve, we will, as 

a rule, observe åa great many dark granules or dots; these dots, 

appear, however, on closer examination, to be thickenings in the 

tube-sheaths along the longitudinal edges where several tubes meet 

(vide fig. 8, p). 

The sheaths of the mnerve-tubes. — Our attention has 

hitherto been directed to the contents of the nerve-tubes only. We 

will, now, before we leave the nerve-tubes of the lobster, pay åa 

little attention to the sheath which envelopes the contents. This 

Sheath consists of a connective substance which is, in my opinion, 

the same substance as the netroglia, or »connnctive-tissue<, as many 

authors call it, which extends through the whole central nervous 

system of every animal I have had under investigation. This 

sheath of connective substance, or for the sake of brevity we 

will call it neuroglia-sheath, has, also, a great resemblance to the 

spongioplasm separating the primitive tubes, and it is, in fact, very 

often, extremely difficult to distinguish the two substances from each 

other viz. the spongioplasm occurring inside the nerve-tubes and the 

ganglion cells — as will subsequently be described — and the 

neuroglia enveloping the nerve-tubes and the ganglion cells with 

sheaths or membranes; the two substances are often so intimately 

united that it is really impossible to decide where the line of de- 

marcation can be drawn. There is one difference, however, viz. that 

in the spongioplasm no nuclei occur, whilst nuclei occur in the 

neuroglia. LEYDIG's view that it is the same substance, spongioplasm, 

which penetrates from whithout into the nerve-system and even into 

the nervous elements, is, in my opinion, not yet sufficiently well sub- 

Stantiated. If I had to choose, I would, however, much prefer that 

theory to VEJDOVSKY'S, according to which the inner connective 

 substance (i. e. neuroglia) is åa product originating in the ganglion 

cells; I really do not understand how, in that case, to account for 

1) This separation into bundles and fagots is, however, les prominent or not 

present at all near the origin of the nerves in the central nerve-system. 

Å 



the neuroglia-cells and nuclei, and how they can be produced from 

ganglion cells. 

In my opinion there can be no doubt, but that the neuroglia is 

a separate tissue composed of cells springing from the ectoderm, 

just as the ganglion cells spring from other ectodermal cells. 

The doubly marked outlines which are visible in nerve-tubes 

isolated in the fresh state, but which are specially distinct in macerated 

nerve-tubes, are produced by the sheath which, as å cylinder, enve- 

lopes every nerve-tube and forms its outer isolating layer. It con- 

sists of one or several concentric layers of connective substance or, 

as we just above called it, mneuroglia, and is easily seen in transverse 

as well as in longitudinal sections; the sheaths of large nerve-tubes 

are especially very prominent and stout. When there are several 

layers; which is generally the case in large nerve-tubes, especially 

those of the peripheral nerves; then the innermost layer is the 

strongest, most differentiated, and refractive one (vide fig. 15). These 

concentric layers of the tube-sheaths are seen, in fig. 7, round the 

large nerve-tubes (t), and in some peripheral nerves they are very 

prominent. 

In the sheaths, nuclei occur. These nuclei are, as mentioned, 

quite identical with the usual nuclei of the neuroglia; they have an 

oblong form, with a granular appearance, and are usually situated on 

the outer side of the sheaths (vide fig. 2, x; fel 5 Kj hø PS 

occur, however, also on the inside of the sheath, consequently in 

the tube itself (vide fre JR ØSE ne 

Nephrop norvegicus. 

We obtain very similar results as to the structure of the nerve- 

tubes on examining Nephrops norvegicus; in this respect Nephrops 

so very much resembles Homarus that it is really unnecessary to 

give any special description of it. We can, in fact, observe, in the 

large nerve-tubes, the same tendency towards a concentration of a 

sort of axis in their centre, though it is not so prominent in Nephrops 

as in Homarus, and neither have I observed so narrow and deeply 

stained axes in the former as I have in the latter. 

In the transverse sections of many nerve-tubes, I have observed 

similar large meshes as those. I have mentioned in the nerve-tubes 

of Homarus (cmfr. fig. 5, f,). They had often å very resgularepg 

pearance and looked as if they really were large transsected primi- 

tive tubes. 



In the Annelids we find a structure of the nerve-tubes very 

similar to what is described in Homarus. 

Polyehærtes: 

As representative of the Polychætes I have examined several 

species of Nereis (N. virens, N. pelagica and others) and also, 

occasionally, Nephtys, Leanira etc. and can only say that, in them 

all, I have found the same structure of the nerve-tubes repeating itself. 

In the Nereidæ, to which I have especially paid attention, we 

find nerve-tubes of every thickness, ranging from the two gigantic 

nerve-tubes running along the centre of the ventral nerve-cord (vide 

fig. 14 and fig. 10) down to nerve-tubes consisting of only one pri- 

mitive tube, like what is described in Homarus. ) 

The minute structure is, of course, easiest to study in the larger 

nerve-tubes. If we examine them under high powers of the micro- 

scope, in good preparations,?) we find that quite similar primitive 

tubes constitute their contents, in the same way as described in re- 

spect of the nerve-tubes of Homarus. The differentiation in primi- 

tive tubes is, however, not so distinctly marked nor so easily seen 

as it is in Homarus, perhaps, partly, because the primitive tubes 

have åa smaller diameter,3) partly, because their spongioplasmic 

sheaths or membranes are thinner and less distinct. In fact, it often 

requires the best lenses, and very carefully prepared preparations, 

to see any structure in the contents, and this is evidently the reason 

why so many authors have not understood these structures, and 

have supposed these large nervetubes to be lymphoid vessels etc. 

Of a concentration towards an axis, there are only very slight indi- 

cations in some rather slender nerve-tubes. The large nerve-tubes 

(»gigantic fibres«) have always primitive tubes, only slightly marked, 

and of the same size and appearance throughout. Fig. 10 represents 

the central part af a transverse section through the ventral nerve- 

cord, where one of the two central largest nerve-tubes (f) (of the 

other only a small part is seen), also some more ventrally situated, 

not so large nerve-tubes (4, 9, tg) and a great deal of the surround- 

ing small nerve-tubes (nt) are seen. Fig. 9, b represents a longi- 

tudinal section of one of the largish nerve-tubes (cmfr. fig. IO, &); 

1) In my preparations I have found nerve-tubes with diameters measuring 

from .030 Mm. down to .0018 Mm. 

2) For this purpose the same method of fixing etc. can be recommended as 

we have recommended for the neve-tubes of Homarus (vide p. 85). 

3) In my preparations I have generally found the diameter of the primitive 

tubes to be about .0012 Mm. or less. 



nt represents smaller surrounding nerve-tubes. As will be seen, 

there is, in these tubes, a longitudinal striation quite similar to what 

we already have experienced in Homarus. 

The nerve-tubes of the peripheral nerves have quite åa similar 

structure to those of the ventral nerve-cord. 

The sheaths of the nerve-tubes are formed by the neuroglia, 

in the same way as they are in Homarus (cmfr. fig. 10); they are, 

however, not so stout, and nuclei occur very sparingly in them. 

Lumbricus agricola. 

In Lumbricus, the nerve-tubes in the ventral nerve-cord have a 

more uniform and relatively smaller size (the three »gigantic nerve- 

tubes« excepted [fig. 11, 6 t, 4]) than they have in the ventral nerve- 

cord of the Polychætes examined; the nerve-tubes have, however, 

a quite similar structure, their contents being composed of the same 

elementary constituents, viz. the primitive tubes, which certainly have 

a small diameter, but are, in the small nerve-tubes, only present in 

limited number; in some cases nerve-tubes consist of apparently 

only one primitive tube; it is consequently somewhat similar to what 

is described in Nereis and Crustaceans. : 

The nerve-tubes have neuroglia-sheaths which are very prominent 

in osmic-hæmatoxylin preparations, vide fig. II, mt. 

The nerve-tubes of the peripheral nerves have a quite similar 

structure to those of the ventral nerve-cord. 

In the ventral nerve-cord of Lumbricus, there are, as Is well 

known, three large tubes running, dorsally, through the whole length 

of the nerve-cord. These tubes, which are generally called »CLAPA- 

RÉDE'S gigantic nerve-fibres«, have given rise to much dispute and in 

the views of the various writers very different functions have been 

attributed to them. Some writers have called them supporting rods, 

the function of which is to give support and rigidity to the ventral 

nerve-cord under the many movements of the animal; that is, for 

instance, VEJDOVSKY's view; other writers, again, consider them as 

homologous with the corda spinalis of the vertebrates; some writers 

call them vessels, etc. etc., and finally a great many writers call 

them nerve-tubes. Lately, LEYDIG has published a paper on this 

subject (l. c. 1886) in which he very emphatically maintains their 

exclusively nervous nature. 

After having examined their structure, I do not think there can 

be any doubt that LEVYDIG is right, and that VEJDOVSKY, who ex- 

presses himself with so much self-confidence, is entirely wrong. It 

was indeed to be hoped that those organs might at last enjoy that 



rest wich they so well deserved and that they might now be left in 

peace in the rubric of nervous elements. 

Seeing that, comparatively, few authors have been in doubt as to 

the nervous nature of the large nerve-tubes of the Polychætes, it is really 

very strange that there has been so much dispute about these organs 

in Lumbricus. — If we examine them closely under high powers of 

the microscope, in carefully prepared sections, we will, instead of the 

homogeneous contents usually described in them, find a contents 

with quite the same structure as above described in the large nerve- 

tubes of Nereis, it being composed of a large bundle of primitive 

tubes, the spongioplasmic sheaths of which are, however, very thin 

and but little differentiated; the primitive tubes are thus extremely 

difficult to observe, and this is naturally the reason why no author 

has noticed any striation in these large tubes, and why their contents 

has always been described as being homogeneous. 

I have not been able to find any spongioplasmic reticulation or 

septa, similar to what LEYDIG has described and illustrated (1. c. 

1886 p. 594). I cannot therefore explain their absence in any other 

way, than that his preparations have not been quite succesful, there 

may, perhaps, have been some irregularities in them produced by 

shrinking of the tube-contents, which indeed very often happens, 

especially in those thick tubes. From my own sad experience, I can 

testify that it sometimes happens in spite of an apparently very 

careful preparation. Judging from LEVYDIGS illustration I should 

also say that such has been the case. 

The whole contents of the three nerve-tubes consist of primitive 

tubes, having the same size and diameter throughout, as will be seen 

in fig. II, and no concentration towards an axis is visible in the 

centre of them.') 

The sheaths of the nerve-tubes. — The three large nerve- 

tubes are surrounded by very thick and prominent neuroglia-sheaths 

consisting of many layers or membranes of connective substance. 

When LEVDIG says that they are closely surrounded by several 

slender nerve-tubes, he is scarcely quite correct. I have certainly 

observed nerve-tubes between them, and in the neuroglia surround- 

ing them, but they are scarce, and, in my opinion, the three large 

nerve-tubes are principally surrounded by connective substance, or 

neuroglia, forming thick sheaths round them. This neuroglia does 

not, however, differ from the neuroglia of the rest of the nervous 

system, in anything, else than that it occurs in thicker layers than is 

1) In my preparations the diameter of the primitive tube measured about 

.0016 Mm. 



generally the case, and is more sparingly mixed with nervous ele- 

ments. As will be seen in fig. I1, it has, also, an appearance some- 

what different from the rest of the fibrillar mass, exhibiting, as it 

does, åa prominent disposition to form concentric layers or mem- 

branes round the tubes. Between the tubes may also be seen septa 

(fig. 11,8), apparently of the same substance, issuing from, or rather 

adhering to, the meurilem-sheath or perineurium, enveloping the 

ventral nerve-cord inside the muscular layer (fig. 11, m). In the 

neuroglia-mass surrounding the three large nerve-tubes nuclei occur 

very often (fig. 11, å), they are oblong, have a granular appearance 

and are quite similar to the common neuroglia-nuclei. 

The Mollusca. 

Judging from the latest descriptions of the nervous system ot 

the Molluscs, we should expect, here, to find very extraordinary 

conditions. HALLER assures us that there exists no connective-tissue 

within the nervous system of the more primary Molluscs (Chiton, 

Patella, Rhipidoglossa etc.) and that there really exists mo nerve-fibres 

or, as I call it, merve-tubes only »Primitivfibrillen« which unite in 

large bundles to form the peripheral nerves. The same statements 

are quite recently made by RAWITZ (as mentioned p.70) as to the 

nervous system of the Acephales; this latter writer seems, however, 

in these as well as other respects, to walk very closely in the 

footsteps of HALLER. 

It was therefore with no small interest that I began the investigation 

of this group. I chose Patella vulgata for my purpose, because it 

was on the one hand a large species, and a rather primary mollusc, 

and on the other hand I could get plenty of it, here, in Bergen. 

I must confess, I had some doubt as to the correctness of BELA 

HALLER's statement that no connective-tissue (i. e&. neuroglia) existed, 

and my researches have not at all diminished my doubts; on the con- 

trary, I found a well developed neuroglia, with neuroglia-nuclei of the 

typical form, and sheaths enclosing nerve-tubes. This neuroglia Is, 

however, not so well developed as we have seen it in Annelids and 

Crustaceans. It took me some time, therefore, to come to a full 

understanding of the real structure of the nerves and the' nerve-tubes. 

Fresh isolated nerves, as well as nerves macerated in different ways, 

I could, usually, though always with some difficulty, split up into 

fibrilæ, which, however, varied somewhat in size (fig. 17). In 

sections, longitudinal as well as transverse, I came to similar results, 

and could really distinguish longitudinally running darker stained 

fibrillæ, of somewhat varying size; in transverse sections they 



appeared as dark points; in longitudinal sretions as dark lines, 

and in oblique sections I could see them as short semi-erect rods. 

There could be no doubt that real fibrillæ of some kind were pre- 

sent, and I was almost disposed to consider HALLER'Ss description 

of the nerves, as consisting of bundles of »Primitivfibrillenc, to be 

right. Besides these fibrillæ I could, however, in transverse sections 

see a reticulation, as if produced by transsected tubes; in this re- 

ticulation the transsected fibrillæ were always situated in the walls 

of the meshes, and especially in the junctions of the walls of several 

meshes (i. e. nerve-tubes) the whole had, consequently, somewhat 

of a resemblance to transverse sections of nerves of Annelids and 

Crustaceans. I could, however, in preparations obtained in my usual 

ways come to no certain results. There was, besides, also another 

circumstance which made me certain that those fibrillæ could not 

be real nervous fibrillæ as HALLER and RAWITZ suppose, this was 

their staining, which was quite that specially pertaining to neuroglia. 

Finally, I succeeded in finding a method of preparing the nerves 

which gave a quite clear idea of their structure. This method con- 

sists in treating pieces of Patella (the pedal muscular disc in which the 

pedal nervercords are imbedded) for about 48 hours in osmic acid 

(I %) then washing them, afterwards cutting them and staining the 

sections as described above (p. 77). 

Examination of sections obtained in this way left no doubt as 

to the structure of the nerves; they contain nerve-tubes having di- 

stinct neuroglia-sheaths, in which thicker longitudinally running fibres 

are situated (cmfr. fig. 19).') These neuroglia-fibres are the »Primitiv- 

fibrillen« of HALLER and RAWITZ. Besides this, there occur stouter 

neuroglia septa orriginating in the outer neurilem-sheath. They 

ramify and divide the nerve-tubes into larger or smaller bundles 

mea, s, 5). Fig. 19, k&, å are nuclei occurring in these neu- 

roglia-septa. 

| The nerve-tubes are of somewhat varying size, and are usually 

slender and seem to contain but few primitive tubes. I measured 

nerve-tubes having a diameter of .002—.006 Mm. In some nerves 

the nerve-tubes are, however, much smaller.  Fig.20 is, for instance, 

1) Å glance at the origin of the small lateral nerves a& and 0: (fig. 19) gives 

a very clear idea of the structure of the nerve-tubes. 8,8 are the neuroglia-septa 

which separate the bundles of nerve-tubes, forming these small nerves, from the rest 

of the great nerve. In a and b some of these nerve-tubes are transversally trans- 

sected in å” and & they are longitudinally transsected. It is very distinctly. see 

that the »fibrillæ« in fact belong to the tube-sheaths. 
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an illustration of a longitudinally transsected nerve, drawn under 

higher powers than fig. 19. The nerve-tubes are, however, narrower 

in fig. 20, than they are in fig. 19 (cmfr. å and 0).') 

The reason why the longitudinal neuroglia fibres in the nerves and 

pedal nerve-cords are isolated in macerated preparations is, evidently, 

that they are stouter and stronger than the rest of the tube-sheaths, 

and thus are separated from them. In carefully treated macerated 

preparations it is, however, possible to see the nerve-tubes. Fig. 17 

and 18 represent, for instance, such preparations, where nerve-tubes 

with a longitudinal striation are distinctly visible, and even to some 

extent isolated; an isolation of them is, however, as a rule, extremely 

difficult, for the reason just indicated above. In the extremities o 

these nerve-tubes we can see, in some of them, isolated fibrillæ, 

which, partly, are neuroglia fibrillæ, partly, spongioplasmic fibrillæ. 

Pearls of hyaloplasm are adherent to the sides of them (fig. 17, å, b, d). 

The Ascidians. 

Finally, I will here mention a group of invertebrates which some 

time ago were the subject of my study, the results of which I have 

hitherto only given in a preliminary report (l. c. 1886). This 

group is the Ascidiamns. The peripheral nerves of the Ascidians 

have a structure very similar to what is described of the peripheral 

nerves of Homarus (cmfr. fig. 7), exept as regards the large tubes; 

those do not occur in the Ascidian-nerves. 

The whole nerve is, in the Ascidians, divided by the neuroglia, 

or inner neurilem, into large bundles, these are again divided into 

smaller and these, again, into still smaller bundles, the subdivision being 

repeated until we at last arrive at the nerve-tubes, which are very 

slender, and contain but few primitive tubes; a great many nerve- 

tubes seem to consist, even, of only one primitive tube, something 

similar to what we have described in Homarus. Very often, it is 

even very difficult to decide what are only primitive tubes, and what 

are nerve-tubes, and again what are bundles of nerve-tubes, as there 

is often seen, in transverse sections, a subdivision into smaller and 

smaller tubes, and, the higher and higher we employ the powers of 

the microscope the more and more do we trace out minute tubes. 

At last, however, under very high powers we are able to observe 

1) Sometimes large vacuoles are seen in transverse section of nerves (cmfr. 
fig. 19, 6, d); whether these vacuoles really are transsected nerve-tubes I am not 

in a position to decide at present. 



4 some very slender tubes inside which no subdivision is visible, and 

these we must supose to be the primitive tubes, åa small bundle of 

which generally forms a nerve-tube. 

Fig. 21, which represents the transverse section of an anterior 

nerve of Phallusia venosa, Will, I hope, give easily, at a glance, a 

correct idea of the structure of the peripheral nerves of the Ascidians.') 

Fig. 22 represents a part of åa longitudinal section through a nerve, 

seen under high powers of the microscope; the primitive tubes are, 

here, visible, being transsected in their curved course, the curvature 

in which arises from the contraction of the nerve. ts, is are the 

sheaths of the nerve-tubes. Some of them (a and b) are stouter 

and more prominent than the others, those are probably transsected 

neuroglia-septa enclosing bundles of nerve-tubes. In one of these 

septa is seen a neuroglia-nucleus (m). 

The division of the nerve-tubes into different smaller and larger 

bundles is, in the Ascidians, as well as in the Molluscs, Crustaceans 

etc. less prominent near the origin of the nerves; close to the nerve- 

roots there is, in the Ascidians, scarcely any division visible, and åa 

great many of the nerve-tubes appear, even, to be broken up into 

nerve-tubes of a much smaller diameter; the reason of this appearance 

we will in a later chapter have an opportunity of discussing. 

The structure of the nerves of the Ascidians reminds much of 

what we have found in the Molluscs. The nerve-tubes are separated 

by only very thin sheaths (cmfr fig. 22, is) in which thickish fibres 

are situated, especially along the concreting longitudinal edges; in 

transverse sections these fibres, when transsected, appear as darker 

dots, situated in the corners of the meshes, and are produced by 

the transsected sheaths of the nerve-tubes (vide fig. 21). 

Summary. 

The results of, these, our researches on the minute structure of 

the nerve-tubes of various invertebrates, we may, I think, assume to 

be applicable to the nerve-tubes of all invertebrates of such a high 

organisation as to posess åa well developed nervous system, i. e. all 

invertebrated bilaterates.. From LANGS memoirs, we may gather 

that the Polyclades and Trematodes have nerve-tubes of the same 

type described in this chapter (cmfr. p. 52—54); from FRAIPONT's 

1) The primitive tubes are not seen in this illustration. 
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memoir on the Archiannelids we may gather that this is the case 

also in those animals (cmfr. p. 57), etc. etc.) 

Of the results of our researches we may therefore give the 

following summary: 

1) The nerve-tubes of the invertebrated bilaterates consist of am 

external consistent sheath with a viscous contents. 

2) The sheaths are formed by, or belong to, the connective sub- 

stance extending through the whole nervous system, and which I 

call neuroglia.”) In these sheaths nuclei (neuroglia-nuclei), occur more 

or less sparingly. 

3) The contents of the nerve-tubes consist of primitive tubes, 

which are extremely slender tubes or cylinders, separated from 

each other or rather formed by membranes or sheaths of a firm 

supporting substance, spongioplasm, very much resembling the neu- 

roglia-substance; these slender cylinders of spongioplasm contain å 

hyaline, viscous substance, hyaloplasm, which is the real nervous 

substance, and which very often is exuded from fresh isolated nerve- 

tubes in form of small hyaline pearls. 

Fibrillæ and fibres, as most writers describe them, do not, con- 

sequently, in my opinion, exist. 

4) Å concentration towards a kind of axis is visible in a great 

many largish nerve-tubes of Homarus and Nephrops; this axis may 

be more or less narrow, and consists of åa bundle of central primitive 

tubes which have stouter spongioplasmic sheaths and smaller diame- 

ters than the other primitive tubes. Å similar concentration in the 

centre of the nerve-tubes can, as a rule, not be observed in the 

other animals examined; only a slight indication of it, I believe to 

have observed in some nerve-tubes of Nereis. 

2. The structure of the ganglion cells, and their processes, 

in invertebrates. 

Homervsr ler. 

The contents of the ganglion cells of the lobster consist of 

nucleus and protoplasm enclosed in åa thicker or thinner membrane 

or sheath. 

1) In Myzostoma I have previously indicated a similar structure. 

?) In my memoir on Myzostoma (1885) I have called it »the inner neuri- 

lemc«, as mentioned before. 



These membranes or sheaths of the gunglion cells have 

the same structure as the sheaths of the nerve-tubes, and are formed 
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of the same substance, viz. the meuroglia; nuclei, having the appear- 

ance of common neuroglia-nuclei, occur frequently in them, and are 

generally adherent to their outer side; I have seldom observed nuclei 

situated on the inner side as described of the nerve-tubes. The 

sheaths, enveloping the cells, very often consist of several layers or 

 membranes, similar to what is described of the sheaths of the 

nerve-tubes. 

I can not decide, whether inside these layers of neuroglia-sub- 

stance there also occurs a thin membrane, spongioplasmic membrane 

(different from the neuroglia-sheath), belonging to and arising from 

the protoplasm of the ganglion cells. It would, consequently, be a 

- »cell-membrane<« as many writers describe it to be, but the existence 
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of which other writers deny.') The importance of such åa membrane 

existing, or not existing, is, however, in my opinion, not great as 

may be seen from the subsequent description of the structure of 

the cell-protoplasm. 

When several writers deny the existence of a cell-membrane, 

as well as a membrane of connective substance, I think that must 

arise from their examining macerated preparations, and imperfectly 

stained sections. In macerated preparations, it is often very difficult 

to distinguish the enveloping membrane from the cell-protoplasm, it 

having a concentric striation which is very similar to the outer 

layers of the protoplasm; neuroglia-nuclei are, however, usually ad- 

herent to its outer side and indicate its real neuroglia nature 

kemifr. fig. 23,7). 

In successfully stained sections, e. g., sections stained with 

HEIDENHAIN's hæmatoxylin-method (vide p. 76), the neuroglia mem- 

branes are, even under the lower powers of the microscope, distinctly 

visible (fig. 24—29). In such preparations, these membranes also 

appear to be intimately connected with the mneuroglia-reticulation 

extending between the ganglion cells (cmfr. fig. 24), and they look as 

if they belonged to that substance, which, in my opinion, is also 

1) If such a special spongioplasmic membrane occurs, which is, in my 

opinion, not improbable, it would, I think, be so intimately connected with the 

surrounding neuroglia-membranes (cmfr. my subsequent description of the cell- 

protoplasm and its reticulation) and have an appearance so perfectly similar to 

them that, I cannot understand how authors, working with macerated preparations, 

can describe special cell-membranes as being different from the surrounding 

»connective-tissue« membranes. 

FRE 
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the case, as will also be subsequently referred to. In some parts of 

the ganglia, where small ganglion cells are situated closely together, 

the neuroglia-membranes form cavities in åa similar way as the 

waxen-walls in åa honeycomb, and one ganglion cell is situated in 

each cavity (vide fig. 40). 

The membranes also extend into, and envelope, the processes 

of the ganglion cells (vide fig. 26). Round the processes of a great 

many cells, sheaths of åa quite peculiar structure occur, these sheaths 

will be mentioned in the description of the processes. 

The protoplasm of the ganglion cells of the lobster has 

been described in different ways by the many authors who have 

treated the subject. In one of the later and more important me- 

moirs on this subject, viz. that by FREUD (1882), it is, as we have 

seen (p, 34), described as consisting of two substances, å reticulated 

substance, and a hyaline viscous substance. 

FREUD has specially examined ganglion cells in the fresh state. 

I have also examined them in the fresh state, but could not arrive 

at a lucid conclusion as to the structure of their protoplasm, neither 

could cells isolated by maceration afford much better information 

in this respect. 

I saw a kind of reticulation; as described by FREUD. This re- 

ticular appearance was especially distinct in macerated preparations 

(cmfr. fig. 23) the meshes having a circular shape (they have be- 

come too distinct in fig. 23; the illustration not being a successfull 

one); I could, however, not convince myself whether this appearance 

was really produced by a substance having a reticular structure or 

not. Besides this reticulation I could generally to some extent trace 

out a concentric striation (cmfr. fig. 23, It was, however, never so 

distinct as it appears in the illustration). 

On examination of carefully prepared sections!) somewhat more 

light was, however, thrown on the subject, though I must confess, 

that there are several points in which I could still wish to come 

to more clearness. 

Fig. 24 IS a part of a section through two large ganglion cells 

in an abdominal ganglion. We can there see that the membranes 

(em) enclosing the cells are stout, and are very distinctly marked. 

1) The best preparation-method for this purpose I found to be, fixing in 

chromo-aceto-osmic acid and staining with Heidenhain's hæmatoxylin (cmfr. p. 76), 

or fixing in Lang's sublimate-solution and staining in Heidenhain's hæmatoxylin 

(cmfr. p. 77). To give the preparations, afterwards, a nuclear staining by Delafield's 

å 

hæmatoxylin is a very good practice (cmfr. p. 76). 
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In connection with these membranes we find, however, a very 

Å strange structure. In Bit has the appearance as if a series of deeply 

 stained oblong corpuscles were situated along the inner side of the 

membrane. Upon closer examination we will see that these cor- 

puscles are, as a rule, connected with the membrane by very 

slender filaments. In some cases these filaments are even very thick 

and the dark corpuscles appear thus to be transsected fibres or septa 

issuing from the membrane (cmfr. fig. 24, b). On the other side 

we will, on close examination, find slender filaments issuing from 

the inner extremities of those dark corpuscles or fibres and pene- 

trating into the protoplasm of the cells; indeed, we will see that 

they anastomose and form a reticulation, extending through the 

cell-protoplasm and distinctly visible in its outer layers. The 

meshes of this reticulation are also largest in the outer layers near 

the surrounding membrane (vide fig. 24). They have, here, very 

often, an oblong form, going in a radiate direction towards the centre 

of the cells, and having, sometimes, the appearance as if the meshes 

were formed by filaments radiating from this centre to the surround- 

ing cell-sheaths; in fig. 24B such an arrangement is very distinct. 

Within these large meshes smaller meshes are generally seen (fig. 24). 

These smaller meshes have, however, a somewhat different appear- 

ance, they being not so distinctly visible; I am not sure whether 

they are formed in quite the same way. 

Towards the inner part of the cell-protoplasm (which is more 

deeply stained) the meshes of the first mentioned reticulation be- 

come much smaller and become similar to the small meshes just 

mentioned, indeed, they cannot be distinguished from each other. 

The meshes are so narrow that they are visible only under the 

higher powers of the microscope, and, even then, not very distinctly; 

in small cells they are especially very difficult to observe. 

In the filaments of this reticulation, granules and thickenings 

occur, giving the cell-protoplasm, seen under lower powers of the 

microscope, a granular appearance. These thickenings are, especially 

in the large ganglion cells, very prominent in the outer layers of 

the protoplasm. 

In the small meshes of this reticulation, å hyaline substance is 

suspended, very similar to the hyaloplasm of the nerve-tubes. 

The question which now, as regards the reticulation, very na- 

turally forces itself upon us is, whether is it åa real spongy reticulation 

extending through the protoplasm of the cells, or is it å reticulation 

é produced by a transsection of tubes in the same way as we have 
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seen in the nerve-tubes. My opinion upon this point is, that this reti- 

culation is, to some extent, a real one having partly a quite spongy 

structure without the formation of tubes; to some extent the latter 

must, however, also be the case, as we shall soon see. The substance 

forming the reticulation has, as mentioned, a great resemblance to 

the sheaths of the cells as regards its staining etc., and it is, in my 

opinion, the same substance which forms the sheaths of the primi- 

tive tubes in the nerve-tubes, viz. spongioplasm. 

Before we subject the significance of this substance to a further 

examination I think it will be well to look somewhat at the struc- 

ture of the processes of the ganglion cells and their origin in the 

cell-protoplasm. | 

The contents of the processes, within the cell, its 

strueture and origin in the cell-protoplasm. — The ganglion 

cells of the lobster are, as åa rule, umnipolar; if they have several 

processes, there is always one of the process which has a special 

appearance, and which is the real mervous process; if other processes 

are present they are, as I call them, protoplasmic processes, and 

they have, in my opinion, a nutritive function, as will be subse- 

quently mentioned. At present we will only consider the structure 

and origin of the nervous process.!) 

In well prepared sections, a distinct longitudinal striation of these 

processes is easily observed. On observation of transversally trans- 

sected processes, it is seen that this striation is produced by primi- 

tive tubes having the same structure, and constituting the nervous 

processes in the same way, as described of the nerve-tubes. 

As regards the staining, the contents of the nervous processes 

differs from the protoplasm of the ganglion cells; the latter having 

generally a much darker staining. This difference is, for instance, 

very prominent in fig. 37 & 38, where the contents of the longitu- 

dinally transsected processes have a very light staining and a distinct 

striation. 

The origin of the nervous processes differs somewhat in the 

various cells. In fig. 26 it has the appearance, as if the contents of 

the nervous process arises from å convergence of primitive tubes from 

the whole body of cell-protoplasm, in which they have å uniform 

extension, and to which they generally give, to some extent, åa con- 

1) I have in reality, never observed å multipolar ganglion cell of quite in- 

dubitable multipolar shape, in the nervous system of the lobster. I am afraid that 

it has very often been neuroglia-fibres issuing from neuroglia-sheaths which have 

given rise to descriptions of multipolar ganglion cells. 



 centric striation. Some of the primitive tubes we can in many pre- 

parations even trace, for some distance, in their course through the 

cell-protoplasm, of which they are not, as we have previously seen 

(cmfr. reticulation described p. 101), the only constituent, but of 

which they are, however, a principal part.') These primitive tubes 

have the same structure and diameter as those we have described 

in the nerve-tubes; they consist of hyaline contents, hyaloplasm, 

enveloped in sheaths of spongioplasm, Which has the same staining 

and appearance, and is evidently the same substance, as that pre- 

viously described (vide p. 101), as forming the reticulation in the 

pelprøtoplasm. In fig. 27 and 28 it is very distinctly seen that 

these spongioplasmic sheaths ot the primitive tubes are intimately 

connected with the peculiar peripherically situated fibres (fig. 27,0; 

fig. 28,0) issuing from the surrounding neuroglia-membrane. 

In åa great many ganglion cells these primitive tubes have not, 

however, such an uniform extension through the protoplasm as 

illustrated in fig. 26. In the large cells they are generally united 

to bundles, distinctly distinguished from the rest of the protoplasm. 

In successfully stained sections,?”) where they are transversally trans- 

sected, they are distinctly visible as larger or smaller light areas 

situated in the deeply stained protoplasm. Very often, when the 

bundles of primitive tubes circulating in the cell-protoplasm are 

numerous and small, we get sections having the appearance illustra- 

kode. 25 and 27. 

In ganglion cells containing such bundles of primitive tubes circulat- 

ing in the protoplasm, the nervous process arises in such manner that 

the bundles unite to form the process, as illustrated in fig. 27 and 25. 

This union takes place generally within the cell-protoplasm, and the 

contents of the nervous process has then, for some distance, an un- 

divided course through the cell protoplasm, and can be traced as a 

large light area through a series of transverse sections (cmfr. fig. 

28 and 209). It is surrounded by thicker or thinner deeply stained 

fibres (fig. 28, s and b; fig. 29, s and s”) of the same substance as forms 

phefretculation! of the protoplasm (cmfr. p. 101). Some of these 

1) That it really is primitive tubes, with slightly stained hyaline contents, and 

not »fibrillæ« which circulate in the protoplasm of the ganglion cells, is easily 

seen in preparations deeply stained by hæmatoxylin (e.g. fig. 37); they are distinctly 

visible as light concentric lines where they are longitudinally transsected (cmfr. 

also fig. 38). | 

2) The fixing method and staining described p. 76 and p. 85 can especially 

be recommended for this purpose. 
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fibres are, in some sections, seen issuing from the sheath of the 

ganglion cell. Similar fibres can also be traced into the prosesses 

(fig. 27,b) where they have a longitudinal course (fig. 30, st”, sf”). Some- 

times, in the cells, they are so closely situated that it looks as if they 

almost formed a sheath (cmfr. fig. 28) surrounding the process-contents 

for some distance into the cell-protoplasm, where they gradually 

disappear and obtain the same appearance as the reticulated spongio- 

plasm, which spongioplasm often apparently gives, even the smaller 

bundles of primitive tubes in the protoplasm, a kind of relatively 

firmer surrounding layer resembling a thin membrane, which layer 

is generally more deeply stained by hæmatoxylin than the surround- 

ing protoplasm (vide fig. 25, 27, 28,v and 29,0,7). 

Sometimes the primitive tubes are united to a few and very 

large masses situated peripherically in the cell.') Fig. 38, Å represents 

a section through such a cell; v and v are the transsected masses 

of primitive tubes. In fig. 39, which represents a more laterally 

running section through the same cell, it is seen what an extensive 

distribution these masses can have in the peripheral parts of the cell, 

the section passes almost exclusively through such åa mass of primi- 

tive tubes. If we examine these light areas under high powers of 

the microscope, we see that they exhibit the same reticulation which 

we know from transversally transsected nerve-tubes and mnervous 

processes, and which reticulation evidently arises from the transsec- 

tion of primitive tubes. 

In many ganglion cells we find similar peripheral masses, which 

are not, however, so distinctly defined as those just described. We 

can, indeed, find every stage of transition, from cells such as those 

illustrated in fig. 38, A to cells with a diffusive, uniform extension 

of a lightly stained mass in their whole peripheral layers, such cells 

are, for instance, illustrated in fig. 38, B and fig. 37. TMhesefpens 

pheral layers, of lightly stained mass, can have åa more or less di- 

stinct demarcation from the mesial, deeply stained, part of the pro- 

toplasm, or they can also have a quite successive transition into it. 

In the protoplasm of most ganglion cells we will, indeed, find å 

1) In macerated preparations these masses are often seen, having the ap- 

pearance of vacuoli situated especially in the peripheral layers of the protoplasm 

of the cells and along their margins. For a long time I believed this appearance 

of the cells to be of artificial nature, produced by the macerating agents. It was 

first on examination of successfully prepared sections that I learnt their real nature. 

In macerated cells, the striated process-contents could sometimes be traced into the 

zell-protoplasm, it having, for some distance, an undivided course (vide fig. 23, A). 
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tendency to stain most deeply in their mesial part, whilst the 

peripheral layers are generally very light (cmfr. fig.s 24, 26, 27, 37, 

38 B, 40). The reason is probably, to some extent, that the primi- 

tive tubes occur in greater plenty in the peripheral layers, or rather 

that they are situated closer together, and that they are not to such 

extent separated by layers of the substance which occurs in plenty 

in the mesial parts of the protoplasm and give to it the deep staining 

(vide sequel). In these lightly stained layers, a spongioplasmic reti- 

culation, described above (cmfr. fig. 24), is generally more or less 

visible, in fig. 37 it is, for instance, very distinct, and thick fibres 

giso|occur (vide also fig. 38, B). 

In other cells such a reticulation is but slightly visible, and we 

find only circular meshes, which probably are transsected pri- 

mitive tubes, this is especially the case in cells where these layers 

are confined to masses distinctly defined from the rest of the pro- 

toplasm as, for instance, in fig. 38, A. Here, only a few such fibres 

or membranes of spongioplasm are visible (s').) 

In ganglion cells with such peripheral masses of primitive tubes, 

the nervous processes do not spring directly from these masses but 

seem to get their whole contents from the mesial deeply stained 

1) I think it must have been ganglion cells with similar light peripheral masses 

which Freud mentions 1. c. 1881 p. 29—30. He says: »An den grossen unipolaren 

Zellen erscheint eine oft sehr breite, einen grösseren oder geringeren Theil der Zell- 

peripherie einnehmende Zone, welche durchaus homogen und dem Kerninhalt åhn- 

lich ist.« He believes »dass diese homogene Zone durch den als »Zwischensub- 

stanz« beschriebenen Bestandtheil des Zellleibes gebildet wird, aus welcher die 

netzförmige, dunklere Substanz sich gegen den Kern zuriickgezogen hat. Es finden 

sich auch håufig genug Zellen, an denen zwei homogene Randpartien durch einen 

diinnen Strang dunklerer, genetzter Substanz, welcher noch an der Peripherie fest- 

gehalten ist, getrennt werden.« Freud supposes, consequently, those »homogene 

Randpartiene« to be appearances produced on the death of the cell. In the 

sympatic ganglion cells, he describes somewhat similar masses of hyaline substance, 

which he, however, rather believes to be a normal appearance belonging to the 

live-state of the cells. 

It may here, also be mentioned that Freud describes (1. c. 1881 p. 26) and 

illustrates (fig. I & 5) nervous processes having a peculiar origin in the ganglion 

cells. He says of them: »In manchen Zellen ist ein Ubergangsstiick zwischen Zell- 

leib und Nervenfaser nicht vorhanden; die Nervenfaser entspringt in anderer, sehr 

eigenthimlicher Weise. Dieselbe schmiegt sich nåhmlich in Gestalt eines hellen 

Halbringes der Peripherie der Zelle an, um dann in's Innere des Zellleibes einzu- 

treten.« Krieger (in his dissert. 1879) has before Freud (as Freud himself states) 

described similar appearances. I think there is no doubt that these structures are 

of the same nature as those described above respecting the origin of the contents 

å of the nervous process (vide p. 103—104). 
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protoplasm. This is, for instance, very distinctly visible in fig. 37, 

as well as in fig. 38,A. I have examined a great many cells having 

quite similar appearance, but in them all I found the same relation 

between the protoplasm and the contents of the nervous process. 

Although the contents of the process is often surrounded by a lightly 

Stained mass at its entrance into the cell, it can, however, be seen 

passing to the mesial deeply stained protoplasm (cmfr. fig. 37 and 38), 

without giving off tubes to the light mass, it having an undivided 

course for a shorter or longer distance into the protoplasm. In this 

course it is, as described above, distinctly visible, and is surrounded 

by thick spongioplasmic fibres (fig.s 37, sf”; fig. 38, sf). At some 

distance from the entrance, the primitive tubes constituting this 

process-contents spread, and are lost in the protoplasm of the 

ganglion cell; generally, I could, however, trace some of them for 

some distance in their course through this deeply stained protoplasm.!)) 

To explain what relation there may be between the primitive 

tubes of the nervous process and the peripheral masses of primitive 

tubes in these cells is, of course, an extremely difficult matter. In 

fact, I have not been able to trace out the connection between them. 

We have, as mentioned, found every transition-form of ganglion 

cells, from cells in which the contents of the process is spread at 

once on its entrance into the cell (fig. 26), to cells where the contents 

of the process passes undivided, and distinctly marked for åa longer 

or shorter distance into the protoplasm (fig.s 25, 28, 20, 37, 38) and 

afterwards is uniformly broken up and spread in the protoplasm (fig.s 

37, 38) or is to a greater or smaller extent broken up into bundles of 

primitive tubes (fig.s 25, 27). We have also found every transition- 

form, from ganglion cells having a protoplasm which is uniformly 

deeply stained in the mesial part, and the staining of which gradually 

passes over into a lighter one towards the peripheral layers (fig. 26), 

to ganglion cells with a protoplasm which is deeply stained in the 

1) Sections similar to those illustrated in fig. 37 or fig. 38, A, can certainly 

very easily give rise to a belief in nuclear processes. If one had a little pre- 

disposition to find nuclear processes, one could easily, for instance, in fig. 38.A 

combine the process with the nucleus, and suppose the reason why this connec- 

tion was not seen in the section was, that the section had not been quite successful. 

I think, therefore, that the description of nuclear processes can to a great extent 

be ascribed to processes like those I have illustrated, which seen in isolated cells 

can of course, in a still higher degree, give the appearance of being connected 

with the nuclei. Krieger has already made the same supposition regarding those 

peculiar processes described by him, and which are, in my opinion, processes | 

originating in somewhat similar way as here described (cmfr. fig. 23, A & fig. 25). 3 

I 
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mesial part, but has distinctly defined light masses in its peripheral 

layers (fig. 38,A), or in which plenty of distinct, lightly stained 

bundles, or small masses, of primitive tubes occur (fig. 25). 

There is evidently a great variety in the structure of the proto- 

plasm, as well as in the origin of the nervous process in the ganglion 

cells. I do not think, however, that this difference of structure can 

have any deep physiological significance, because we find every 

stage of transition from one form to another. The peripheral con- 

stituent of the protoplasm in all cells, is evidently the primitive tube. 

The small circular meshes which are found in sections, every where 

in the protoplasm, in the deeply stained as well as in the lightly 

stained parts, are probably only transsected primitive tubes which 

mm the deeply stained parts of the protoplasm are more separated 

from each other by thicker layers of a deeply stained substance 

than they are in the light parts. 

Where, and how, the primitive tubes terminate, or rather how 

they originally are formed, I cannot say. 

Ma eniew cases I have, mm the peripheral parts of some cells, 

believed to see slender tubes pass to the enveloping neuroglia-sheath. 

This appearance can, however, also be occasioned by the above 

mentioned spongioplasmic fibres issuing from the sheath. If such 

radiating tubes were really present in all ganglion cells, we could, 

perhaps, easily understand the statement of Dr. RAWITZ regarding 

the ganglion cells of the Acephales; viz. that hyaline small pearls 

mereNexuded from the cells on pressure. These pearls consist, I 

think, of hyaloplasm, and are probably exuded from primitive tubes, 

which must either terminate in the envelope of the cell or must 

have been broken by the pressure. 

If we now consider what we have learnt of the protoplasm of 

the ganglion cells, we may sum it up in the following results: 

The cell-protoplasm is composed of primitive tubes consisting of 

hyaloplasmic contents and spongioplasmic envelope, — further, of a 

spongioplasmic reticulation, extending through the protoplasm and 

also intimately connected with the surrounding cell-sheath — and, 

finally, of a hyaline substance having much resemblance to the hyalo- 

plasm of the primitive tubes. 

The primitive tubes circulate, as we have seen, in the proto- 

plasm, giving it often a concentrically striated appearance (fig. 23). 

In large ganglion cells they are frequently united into a number 
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of thicker or thinner bundles, sometimes these even grow to con- 

siderable masses, generally situated peripherically in the cells 

Cm he 30) 

Jf we try to explain the connection and relation of these con- 

stituents of the protoplasm to each other, we have indeed no easy 

task. And it is, especially of this, I could wish to have obtained 

more light. 

That a principal part of the protoplasm of the ganglion cells 

consists of primitive tubes, I think must be evident from what is 

already described; that a great number of the small meshes, seen 

in sections of the protoplasm of the cells (in the peripheral part as 

well as in the mesial one) are transsected primitive tubes is, I think, 

very probable. 

There must, however, in the protoplasm of the ganglion cells 

be something also present, besides primitive tubes, because the pro- 

toplasm is stained by hæmatoxylin and other agents in åa manner 

very different from the contents of the nerve-tubes, which exclusively 

consists of primitive tubes. By hæmatoxylin, the protoplasm is 

generally stained very deeply, except those bundles or masses of 

primitive tubes which get a similar staining as the contents of the 

nerve-tubes. This deep staining may, certainly, to some extent be 

explained by a rich occurrence of spongioplasm (cmfr. the spongio- 

plasmic reticulation described above p. 101). I feel, however, dis- 

posed to think, that besides this spongioplasm another (myeloid?) 

substance occurs, perhaps in connection with it. Spongioplasm with 

this fattish substance !) is, I suppose, situated in thicker or thinner 

layers between the primitive tubes running through the protoplasm, 

and separates each of them more widely than is the case in the 

nerve-tubes. Within the bundles or masses of primitive tubes, oc- 

curring in large ganglion cells, this substance is not present, nor is 

there apparently more spongioplasm than is generally present in the 

nerve-tubes or the nervous processes. 

The structure of the mnervous processes and their 

sheaths, in their course outside the ganglion cells. — The 

contents of the nervous processes is, as already mentioned, composed 

of primitive tubes, in the same way as the contents of the nerve- 

tubes. In its staining it is differentiated from the protoplasm of the 

1) That it is a fattish (myeloid?) substance is, I think, probable from the 

dark or brownish staining of the cell-protoplasm by osmic acid. This is, however, 

also the case with the common spongioplasm. 
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ganglion cell, this difference being, as we have seen, already distinct 

within the cell itself. It has, in preparations often, the same light 

staining the whole way from the origin of the nervous process till its 

entrance into the dotted substance (fig. 35); generally it is, however, 

stained in a quite peculiar manner by hæmatoxylin. Fig. 30—33 

represents various sections through åa such process; it is the same 

process the contents of which is also seen in fig. 28 and 29. At 

the agress from the ganglion cell (fig. 30), the contents of the 

nervous process has the same light staiming as already described. 

At some distance from the cell the contents begins, however, to get 

a darker, more black staining, especially in its peripheral layers (fig. 31). 

At the same time the diameter becomes also diminished. At a 

greater distance from the cell this blacker staining increases, and the 

whole contents is stained quite dark or black (fig. 32), the diameter 

of the process is also still more diminished. In fig. 33, the same 

process is seen divided into two branches (a and b) which have the 

same black staining as above. This black staining they retain till 

their entrance into the dotted substance. The branchlets issuing from 

them are also stained in the same manner. It is, of course, very 

difficult to say what is the reason of this dark staining. I do not 

think, however, that it is of qualitative nature. To some extent it 

may, perhaps, be explained by the relatively small thickness of the 

processes, and by their situation in a reticulated neuroglia through 

which the fixing as well as the staining agents easily find their way to 

these structures. It is, however, strange that, in the same section, 

one can find some processes with dark contents, and other processes 

with light contents, similar to the contents of the nerve-tubes (cmfr. 

fig. 35 & 36). The branchlets issuing from these processes have 

similar lightly stained contents, consisting of primitive tubes (cmfr. 

ne 35, br; fig. 36, br, br). 

Spongioplasmic fibres similar to those surrounding the process- 

contents within the ganglion cell (cmfr. fig. 28 & 29, also, generally 

occur in the process itself. They have a longitudinal course along 

the process, inside the sheath (vide fig. 30, sf”, sf”) and can often be 

traced to a considerable distance from the ganglion cell (vide 

fig. 35, sf). They have a dark staining, sometimes it looks as if 

they united to form a deeply staining peripheral layer round the 

contents of the process inside the sheath (fig. 36). 

The sheaths of the nervous processes are formed by the 

neuroglia, and are stained in the same manner as this substance. 

Ihey have generally a peculiar structure, and consist often of a great . 
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many layers or membranes aranged concentrically round the contents 

of the process; only the innermost layer of these membranes can, 

however, be considered as the real sheath. What a great extension 

these structures can obtain is, for instance, seen in fig. 34, where 

pc is the contents of a nervous process, br is a branchlet issuing 

from the process; mm the surrounding concentrically arranged neu- 

roglia-membranes. 

The nervous pocesses are sometimes provided with similar con- 

centrically arranged sheaths quite from their origin in the ganglion 

cell (fig. 25, sh). Generally, the sheaths do not, howeverfiread 

their highest thickness before some distance from the cell, and they 

do not consist of so many layers near their origin. 

The nuclei of the ganglion cells are, as is åa well-known 

fact, enclosed by a thin membrane. That this membrane is not 

seen in the live-state of the cell, as stated by FREUD, is, in my 

opinion, from the same cause as makes the striation of the nerve- 

tubes so slightly visible in the live-state. The refractive difference 

between the protoplasm of the ganglion cell and the substance of 

which this membrane consists Is so small, that this difference must 

necessarily be increased, for instance, by chemical agents, if the 

membrane should become distinctly visible (vide fig. 23). With hæ- 

matoxylin this membrane gives a distinct blackish staining (fig.s 37, 

38, 40, 42) which is quite similar to that of the spongioplasmic re- 

ticulation, and to the sheath of the cell. In my opinion) esnvk 

improbable that this membrane is also formed by the same spongio- 

plasm as forms the reticulation in the protoplasm and the sheaths 

of the primitive tubes. | 

The structure of the nuclei inside this membrane varies very much. 

As already stated by FREUD, there appears within the nucleus a great 

many changes, probably connected with the life of the cell and the 

nucleus. In well fixed preparations we can, in fact, also find nuclei 

exhibiting the greatest variation in their structure. Fig. 41 and 42 

represent nuclei in various stages. Generally, each nucleus has one 

nucleolus situated in its centre or also near its membrane (cmfr. fig. 38). 

Sometimes two nuclei are present; the nucleus has, then very often, 

an oblong form, and one nucleolus is situated in each pole (fig. 37); 

it is, however, not unusual that the nucleus has a circular shape, and 

that nucleoli are situated oposite to each other, near the membrane 

(fig. 41). Sometimes no real nuclei are present, the whole nucleus 

exhibiting a peculiar distinct reticulation with dark thickenings in 

the points where the fibres of the reticulation unite (fig. 42, å). 

Sometime fibres are seen radiating from the centre of the nucleus, 
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and having dark thickenings at their extremities, near the membrane 

pine nucleus (fig. 42, f) etc. etc. I will, however, pay no more 

attention to these structures, here, as they are probably only pro- 

- duced pyithe nuclei being fixed in different stages of their life; in 

some cases we have even, perhaps, a beginning segmentation of the 

nucleus (fig. 42, e). 

Nephrops norvegicus. 

In Nephrops, the structure of the ganglion cells is quite similar 

to what we have described of Homarus. In sections, the protoplasm 

of the large cells generally exhibits quite similar light areas, resemb- 

ling vacuoli, and arising from the transsection of bundles or masses 

of primitive tubes. The contents of the nervous processes originate 

in the same manner; a similar spongioplasmic reticulation is present 

in the protoplasm, it being especially visible near the sheaths of the 

cells with which it is intimately united. We can, thus, as regards 

the structure of the ganglion cells of Nephrops, refer the reader to 

our description of the ganglion cells of Homarus. 

The Polychætes. 

Sections of the large ganglion cells of the Nereidæ (N. virens etc.) 

exibit, generally, a prominent granular appearance with a distinct 

reticulation extending between and uniting the granules with each 

other, the granules being generally situated at the points where the 

walls of the meshes unite (fig. 43). Some of the granules are very 

large and prominent, and are principally situated in the mesial part of 

the protoplasm. They have, in my preparations treated with fluids 

containing osmic acid and stained with hæmatoxylin, a very dark 

almost black staining, and they consist, I think, of a fattish (myeloidr) 

substance.") 

In a great many cells, I observed a differentiation in the stain- 

ing of the protoplasm, somewhat similar to what is described of the 

cells of Homarus. Å disposition to a darker staining of the mesial 

part of the protoplasm is very often observed; besides this the 

larger granules are also, as just mentioned, situated especially here 

which contributes somewhat to a darker appearance (vide fig. 44 

1) Whether the substance of these granules is the same, or has any relation 

to the substance which gives the nervous system of many Polychætes the well- 

known reddish or yellowish staining, I cannot say, as I have not yet very closely 

 examined the ganglion cells of the Polychætes in the live-state. 
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and 45). There is generally no distinct demarcation betwen the 

deeply stained mesial part of the protoplasm and the lighter pe- 

ripheral layers; sometimes, however, such a demarcation is present, 

the lighter stained substance being peripherically situated in various 

more or less distinctly defined masses (fig. 44). Small bundles of 

primitive tubes, similar to those which are often present in the 

ganglion cells of Homarus and Nephrops, I have not generally ob- 

served in the ganglion cells of Nereis. The contents of the nervous 

process seems generally to originate in å gradual convergence of 

primitive tubes in the protoplasm, towards the pole where the pro- 

cess originates (cmfr. fig. 43). Sometimes, I believe to have observed 

the contents of the nervous process passing as an undivided, lightly 

stained bundle for some distance into the protoplasm; consequently, 

a structure somewhat similar to what is above described in the 

ganglion cells of Homarus. 

Å spongioplasmic reticulation quite similar to the peculiar re- 

ticulation in the ganglion cells of Homarus does not occur in Nereis, 

So far as our experience goes, at all events not to such an extent. In 

some cells, I have, however, observed spongioplasmic fibres issuing 

from the neuroglia-membrane enveloping the cell and penetrating 

into the protoplasmi (vide fig. 43, sf and fig. 44, sf); probably con- 

tributing to form the reticulation already described. 

A question of great interest is, whether the reticulation, seen in 

the sections of the cell-protoplasm of Nereis is a real reticulation 

or only an appearance produced by transsection of primitive tubes? 

I feel most disposed to believe that the latter is the case. Strange 

to say, neither longitudinally transsected primitive tubes, nor a 

concentric striation are as often seen in the ganglion cells as we 

could expect if all meshes were transsected primitive tubes; some- 

times we can, however, observe longitudinally transsected tubes in 

the protoplasm, and the reason why they are not oftener seen is, 

perhaps, because they have a very curved and complicated course. 

The nueclei of the ganglion cells have, in the Nereidæ, a 

similar structure as those of Homarus. They have a distinct sur- 

rounding membrane, inside which a reticulation is extended; in this 

reticulation dark granules are situated, generally at the points where 

the fibres forming the meshes unite. One or sometimes two nucleoli 

are seen, and sometimes no distinct nucleolus is present, but only 

largish granules are spread in the reticulation (vide fig. 43, 44; 45)- 

The situation of the nuclei in the protoplasm is generally diffe- 

rent from what it is in the ganglion cells of Homarus. The nuclei 



are very often situated in one side of the cell, near the surrounding 

sheath (cf. fig. 44 & 45) and, not unusually, towards that side from 

fick the nervous process issues (cf. fig. 43,1). They are, thus, 

very frequently situated outside the mesial, deeply stained, part 

of the protoplasm (fig. 44 & 45). In the small cells they are 

generally situated in the centre of the cell, and are proportionally 

very large, being surrounded by a thin layer of protoplasm only. 

The processes of the ganglion cells. — The ganglion cells 

of the Nereidæ have generally a unipolar shape. Quite exeptionally, 

I believe to have observed, in sections, cells with multipolar shape; 

there was always, however, only a single process in each cell capable 

of being traced in its course into the central dotted substance. 

The other processes were very short, immediately tapering off; 

they were directed peripherically, or laterally, (never towards the 

central mass) and were soon lost in the neuroglia. I could, however, 

never quite convince myself of the real existence of such processes, 

and it is only in a very few cases I believe to have seen them (fig. 

67). I think that it is the issuing of neuroglia-fibres from the sheath 

of the cells that has generally occasioned the descriptions of multi- 

polar cells, as such fibres can look very like real cell processes 

(ef. fig. 44). 

The processes, or, as I call them, mervous processes, passing to 

the central dotted mass, and of which each ganglion cell has only 

one, have a structure similar to that of the nerve-tubes. They are 

surrounded by a mneuroglia-sheath, and their contents consist of 

primitive tubes. 

In other forms of Polychæta the ganglion cells have, so far as 

my investigations go, a structure similar, principally, to what is here 

described. 

The membramnes enveloping the ganglion cells are formed 

by the neuroglia. They generally consist of one, or of a few, layers 

only. In the small cells they are thin, but distinctly marked; in the 

large cells they are often thick and well developed (vide fig. 44, cm). 

Neuroglia-nuclei adhering to them do not occur very frequently.") 

1) Dr. E. Rohde (1. c. 1886 p. 785) distinguishes between two types of 

ganglion cells in the central nervous system ot the Aphroditidæ. »Die Ganglien- 

zellen der einen Art sind sehr schwach granulirt, deshalb von hellen Aussehen und 

meist ziemlich klein. Ihr Kern enthålt stets mehrere verschieden grosse Körperchen 

und tritt nach Fårbungen in der durchsichtigen Ganglienzelle scharf hervor.« »Die 

Vetreter des zweiten Typus sind sehr grosse, kugelige Gebilde, welche durch eine 

sehr dunkele Granulirung sofort in die Augen fallen. Sie besitzen einen grossen, 

8 



Lumbricus agricola. 

The ganglion cells of Lumbricus are, in their structure, somewhat 

similar to those of Nereis. In sections, their protoplasm has a distinct, 

reticular, granulous appearance; large granules, similar to those found 

in the ganglion cells of Nereis, do not, however, occur. The whole 

protoplasm is, in preparations, rather deeply stained; the reticulation is 

generally very distinct, slight thickenings are only seen in the points 

where the walls of the meshes unite. The meshes are generally 

very large; that they are, at all events to åa great extent, really 

transsected tubes is, I think, clearly seen in fig. 47, which represents 

a section through a large ganglion cell, and which is drawn under 

the camera lucida as exact to nature as possible (very highly magni- 

fied). The tubes are, in this illustration, seen transversally as well 

as partly longitudinally transsected, giving, the protoplasm to some 

extent, a concentric appearance; the tubes forming the nervous 

process are seen to be quite like those circulating in the protoplasm.!)) 

In some cells, a kind of higher differentiation seems to be pre- 

sent in the protoplasm; such a cell is represented in fig. 46. Lighter 

fein granulirten Kern und dieser ein einziges grosses Körperchen.« Å similar dif- 

ference in the appearance of the small and large ganglion cells is, certainly, very 

prominent also in the nervous system of Nereis; but as I have found transition forms 

between both these kinds of cells, I can not distinguish between two types. My 

experience is to some extent that, the larger the cells are, the more and more 

granular become their protoplasm, and there can not easily be drawn any line of 

demarcation. 

As to the sheaths of the ganglion cells Rohde says: »Beide Ganglienzellen- 

arten entbehren einer Zellenmembran und liegen eingebettet in ein Maschenwerk 

von Fasern, welche iiberall das Nervensystem begleiten und, wie ich glaube, aus 

Subcuticularzellen hervorgegangen sind.« As may be seen from my description I 

agree with this statement of Rohde; his »Fasern« or »Subcuticularfasern« belong 

to what I call the newroglia. 

Of the protoplasm of the largish cells Rohde says: »dass die ganze Zelle 

1ach allen Richtungen von veschieden starken Fåserchen durchzogen wird, welche 

auf den Zellfortsatz tibergehen und diesem eine feine Långsstreifung verleien. Aber 

nicht nur hier verlassen diese Fåserchen die Zelle, sondern man ist iiberrascht zu 

sehen, wie sie theils einzeln, theils zu Bindeln vereinigt allenthalben an der Peri- 

pherie des nackten Zellkörpers heraustreten und in die Subcuticularfaserhiille ein- 

dringen.« It is evident that Rohde and I have observed the same structures; his 

»FFåserchen« must partly be what in my opinion are the spongioplasmic sheaths of 

the primitive tubes (especially those which pass into the nervous process), and the 

»Fåserchenc penetrating in the Subcuticularfaserhiille« must be the spongioplasmie 

fibres issuing from the neuroglia-sheath of the cell (vide fig. 44, 8; fig. 45, sf; fig 67). 

and which fibres partly form a spongioplasmic reticulation in the protoplasm (com- 

pare my description of Homarus p. 101). Å 
AA - a . . E Y p 

1) The tubes in the protoplasm seem to be of different size in the various cells. 

i 
! 
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mdNdårker parts are here seen in the protoplasm, the latter ones 

forming a sort of reticulation with very large meshes, in which 

smaller meshes occur similar to those mentioned above. This is 

perhaps an appearance produced by a structure somewhat similar 

to that which is described in the ganglion cells of Homarus (cf. 

fig. 25 & 27). The large meshes, or lightly stained areas, are perhaps 

transsected bundles or small masses of primitive tubes. 

Such a prominent spongioplasmic reticulation as we have found 

in the ganglion cells of Homarus is not present in the ganglion cells 

of Lumbricus, indeed, it is very difficult to detect anything similar to it. 

We have thus, the protoplasm of the ganglion cells of Lumbri- 

cus, according to my investigations, consisting principally of primitive 

tubes, with distinctly marked spongioplasmic sheaths; besides this 

there must, however, also be another subtance present, as the pro- 

toplasm is more deeply stained then the contents of the nerve-tubes. 

This protoplasm has therefore, in Lumbricus, a composition which 

probably is very similar to what is present in the ganglion cells of 

- Homarus. 

The processes of the ganglion cells. — The ganglion cells 

are unipolar or multipolar. Each cell has, however, never more than 

one nervous process passing to the central dotted mass of the nerve-cord. 

The other processes are very short, have the same appearance as the 

protoplasm of the cell, and are lost in the surrounding reticular neu- 

roglia, or can be traced to their connection with the neurilem-sheath 

or perineurium Ssurrounding the ventral nerve-cord inside the mus- 

cular layer (vide fig. 68). These processes I call protoplasmic pro- 

cesses, and their function is, I suppose, of nutritive nature. All 

ganglion cells are thus, in reality, of unipolar nature. 

The structure of the nervous processes is similar to that of the 

nerve-tubes; their contents consist of primitive tubes, and they are 

eveloped by a neuroglia-sheath which is åa direct continuation of the 

membranes or sheaths enclosing the ganglion cells from which 

they issue. 

The nuclei of the ganglion cells are comparatively large. 

They have the same appearance as described above, with a distinct 

- Surrounding membrane anda varying inner structure. Their situation 

in the cells is also somewhat variable; they are very often situated 

towards that pole from which the nervous process issues; this Is 

perhaps the most common situation (fig. 46); sometimes they are, 

however, also situated towards the opposite end of the cell, or in 

ts mesial part (vide fig. 47). 

gå 
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The membranes enveloping the ganglion cells are 

formed by the neuroglia; they are generally very thin and only little 

prominent. Qccasionally, neuroglia-nuclei are seen adhering to them. 

They are intimately connected with the reticulation of neuroglia 

extending between the ganglion cells (vide fig. 47 & 68). 

The Molluscs. 

The structure of the ganglion cells af Patella vulgata is very 

similar to what we have found in Lumbricus. Their protoplasm 

exhibits, in sections, a distinct reticulation with rather largish meshes 

(vide fig. 48, 49 and 50). In this reticulation small granules are 

seen, situated in the same way as described above, viz. in the points 

where the walls of the meshes unite. The meshes are, to a great 

extent, transsected tubes, this is seen in several cells where some 

tubes are longitudinally transsected.') 

In macerated preparations plenty of large yellow granules are 

generally seen in the protoplasm of the ganglion cells. These gra- 

nules have a variable size, and no regular shape, they are sometimes 

spherical, sometimes square or polyhedrical, and they look as if they 

were produced by coagulation of a homogeneous yellow substance. 

They are often extended through the whole mass of the protoplasm, 

very frequently they are, however, concentrated in special parts of 

the cells, especially in the neighbourhood of the nucleus. Plenty of 

similar smaller or larger granules generally occur, also, outside the gan- 

glion cells, in macerated preparations. They frequently occur in such 

number that one, for a time, could feel disposed to believe that 

they belonged to a substance extended through the whole nervous 

system. Sometimes they are even united to larger homogeneous 

masses. Upon careful examination I have, however, come to the 

conviction that they are, either exuded from cells, or they may also 

spring from destroyed cells. I have sometimes observed such a 

substance exuded from the protoplasm of cells. 

Fig. 52 represents such a case. The substance is here seen 

occurring inside, as well as outside, the cell. Inside the cell, the gra- 

nules are concentrated towards the part of the surface where they 

1) The reticulation which Raiitz describes, in the ganglion cells of the 

Acephales (vide p. 65) is, without doubt, the same appearance as here described, 

and it is, zonsequently, in my opinion, no real reticulation but, to a great extent, an 

appearance produced by primitive tubes, which are seen in optic, or real transverse, 

sections. 

3 
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are probably exuded, outside the cell they are united to larger pieces 

N of irregular shape. The granules are not only situated nearthe surface 

of the cell, but also occur in the mesial parts of the protoplasm; 

this can easily be seen by changing the level of the microscope. 

| Thé relations of the substance of these yellow granules in 

Athe live-state of the cells, I have not sufficiently examined, neither 

am I in åa position to say of what it consists. It is obviously this 

substance which gives the nervous system of Patella, as well as 

other Molluscs, the well-known yellowish collour, and which RAWwITZ, 

HALLER, H. SCHULTZE, SOLBRIG, BUCHHOLZ and others have de- 

Scribed as pigment. I think it is most probable that the yellow 

colour is due to a substance, related to, or similar to hæmoglobin: 

the substance contains, probably, also fat, as the granules are deeply 

Framed by osmic acid. Strange to say, I have, as a rule, not been 

able to observe quite similar granules in the sections of the cells. 

The reason why I do not exactly know, as my investigations are 

still too imperfect in this respect.') As also suggested by HALLER, 

I think it is very probable that this substance is principally engaged 

in the nutrition of the ganglion cells. I suppose that the correspond- 

ing substance in the ganglion cells of Homarus is the fatty substance, 

the existence of which we have above (vide p. 108) indicated. 

In the sections of some cells, I have observed a slight tendency 

to a differentiation of the protoplasm into darker and lighter stained 

parts (vide fig. 48). This tendency is, however, never very promi- 

nent. Generally, the protoplasm has åa rather uniform, somewhat 

deep staining, which possibly indicates the extension of å (myeloid?) 

substance, connected with the spongioplasm, through the whole 

protoplasm of the ganglion cells, as before mentioned in my descrip- 

tion of the ganglion cells of Homarus, and possibly this substance 

is of the same nature as that which forms the granules (above 

mentioned) in macerated preparations. 

The processes of the ganglion cells. — The ganglion cells 

have a unipolar, bipolar or multipolar shape. Whether unipolar or 

multipolar, each cell has one mervous process only, passing into 

or through the central dotted substance, the other, protoplasmic 

processes, if they are present, are always very short, and have an 

appearance similar to the protoplasm of the cell. They are immedi- 

ately lost in the neuroglia-reticulation, or they pass to, and unite 

with the perineurium surrounding the central nervous system. 

1) In a great many sections I have found a homogeneous yellow substance 

being extended in the protoplasm of the ganglion cells. It seems to be the same 

Substance which forms the granules in isolated cells. 
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system. Their function is, in my opinion, of nutritive nature, as 

mentioned before.) 

The contents of the nervous processes consists of primitive tubes. 

The nervous processes (as well as the protoplasmic ones) are 

enveloped by mneuroglia-sheaths adherent to which neuroglia-nuclei 

may be seen. 

The nuclei of the ganglion cells have å structure similar 

to what is before mentioned as regards the nuclei of the cells of 

Homarus etc. 

They are generally situated in, or towards, that pole of the cell 

from which the nervous process issues. Sometimes they are also 

situated in the mesial part of the cell and very seldom in the end 

opposite to the nervous process. 

They have a relatively large size; when they are situated near 

the origin of the nervous process, they generally fill nearly the 

whole diameter of the cell, leaving only a narrow layer of proto- 

plasm, through which the connection of the nervous process with 

the upper principal part of the protoplasm is produced (vide fig. 53). 

Frequently the space between the nucleus and the membrane en- 

veloping the cell is, however, so extremely narrow, that it looks as 

if only a very few primitive tubes could pass; it has, indeed, the 

appearance as if the protoplasm of the ganglion cell was almost 

divided by the nucleus into two separate parts. 

In one case I have seen a nucleus sending a short process into 

the nervous process (vide fig. 54); this short process was very 

distinct, and appeared to be formed by the nuclear membrane; it 

may be that it has only been an artificially produced, post-mortem, 

appearance. 

The neuroglia-membranes enveloping the ganglion cells 

are thin and but slightly prominent. Neuroglia-nuclei, adherent to 

them, are occasionally seen. They are intimately connected with the 

neuroglia reticulation extending between the ganglion cells (fig. 

48—50, mur)... When HALLER and RAWITZ seem to deny to some 

extent the existence of such membranes, I think that it is owing 

1) In the peripheral layers, almost all cells have unipolar shape, in the inner 

layers (towards and in the dotted substance), the bipolar or multipolar shape is more 

common; as will later, in a separate chapter, be treated of, this also indicates the 

nutritive significance of the protoplasmic processes. Real anastomoses of proto- 

plasmic processes from the same cell, or from various cells, I have never been able 

to observe, and do not believe either in their existence or in the significance 

which Haller and most writers attribute to those processes (vide sequel). 



to imperfect staining. As above mentioned, these membranes also 

envelope the processes issuing from the cells. 

The Ascidians. 

The protoplasm of the ganglion cells of the Ascidians 

has, in isolated, macerated preparations, a reticular appearance (vide 

fig. 55—56), quite similar to what is before described in Mollusca, 

Lumbricus etc., and which appearance is, I suppose, to a certain 

extent, produced by primitive tubes, which in a complicated way 

are woven between each other and are, in the preparations, partly 

seen in optic diameter. It is remarkable that åa concentric arrange 

ment in the protoplasm round the nucleus can, only very seldom, be 

traced out. The shape of a great many cells, and the situation of 

the nuclei is, perhaps, to some extent, the cause of this. In sections, 

the protoplasm of the cells exhibits a reticulation similar to what is 

observed in isolated cells. At the points where the walls of the 

small meshes unite, small thickenings or granules occur, giving the 

protoplasm a slightly granular appearance. 

I have never observed in or outside the ganglion cells of the 

Ascidians, yellow granules, similar to those just described in the 

ganglion cells of Patella, neither in macerated preparations nor in 

sections. 

In sections of some large cells, I have observed a tendency to 

differentiation into small lighter stained areas, similar to what is de- 

scribed in the ganglion cells of Homarus. This differentiation is 

not, however, very prominent (vide fig. 58, a). 

In preparations treated with osmic acid, or fluids containing this 

agent, the whole protoplasm of the ganglion cells is also very 

deeply stained by carmine colours (picro-carmine).') This indicates 

perhaps the presence of a special substance (compare what is said 

of this above.) 

The nuclei of the ganglion cells have a distinct thin mem- 

brane, and an inner structure which has a varying appearance, similar 

to what is above mentioned in respect of the ganglion cells of 

Homarus etc. Å distinct nucleolus is generally seen. The nuclei 

are relatively large; they are situated in the mesial parts of the cells, 

1) A method which in my experience is very good for the nervous system 

of the Ascidians, is treating with osmic acid (3—r "/,) for 2—r1 hour, or even 

longer, then sufficient washing in running water and staining in good picro- 

carmine (1 %/,) for 24 hours or longer. 
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or also sometimes near the pole from which the nervous process 

issues or in the opposite side. 

The processes of the ganglion cells. — The most common 

shape of the ganglion cells is the unipolar one; the large, peripheric- 

ally situated cells, especially, are of this shape (fig.s 55,56, 58). In 

the inner layers and in the dotted substance, cells with bipolar, tri- 

polar or multipolar shape occur (fig. 57). Fach cell has only one 

nervous process, the other processes are protoplasmic, and their 

function is of nutritive nature. That is also, in my opinion, the 

reason why they principally occur in connection with cells situated 

in the inner layers, and are directed towards the external sheath 

(perineurium) enveloping the brain. . 

The mervous processes exhibit a longitudinal striation, and their 

contents consist of primitive tubes. They are, in macerated prepra- 

tions, only lightly stained, and have an appearance different from that 

of the protoplasm of the cells. The protoplasmic processes resemble, 

in their appearance, the protoplasm of the cells. 

The mneuroglia-membranes enveloping the ganglion 

cells are very thin and but slightly prominent. The neuroglia is 

but little developed, and occurs very sparingly between the gang- 

lion cells in the brain of the Ascidians. 

Summary. 

If the reader has followed me in these researches on the struc- 

ture of the ganglion cells of various types of invertebrates, he will 

have gathered that there are some principal features in the structure 

which seem to be common to all the types investigated; and, if it is so, 

we may conclude as above, in respect of the structure of the nerve- 

tubes, that those features in the structure of the ganglion cells are 

common to all invertebrated bilaterates. We may thus give the 

following summary of our results: 

1) The ganglion cells of all imvertebrated bilaterates consist of 

a mucleus with distinct membrane, and a varying inner structure, and 

also of a protoplasm with various constituents; the cells are enclosed 

by a membrane of neuroglia-substance. 

2) The principal constituents of the protoplasm are primitive tubes, 

having the same structure as those in the nerve-tubes (they contain 

hyaloplasm enclosed in spongioplasm). The course, and origin (or 

termination) in the cell, of these primitive tubes I am not in a posk > 

tion to describe particularly; some of them very frequently circulate E 
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for some distance, concentrically, round the nucleus, giving the 

ganglion cells a concentrically striated appearance. 

In some ganglion cells, especially those of Homarus and Nephrops, 

primitive tubes are partly united in bundles, or to smaller or larger 

masses situated in the protoplasm, and which are distinctly lighter 

staining than the rest of the protoplasm, in which, however, also, 

plenty of primitive tubes occur (fig. 38). 

In a great many, or possibly in all, ganglion cells a spongioplas- 

mic reticulatiom is present, extending from the enclosing neuroglia- 

membrane into the protoplasm, between the primitive tubes, and 

intimately connected with the spongioplasmic sheaths of the latter. 

This reticulation is very prominent, especially in the ganglion cells, 

of Homarus and Nephrops, where thick spongioplasmic fibres af a 

peculiar appearance, and connected with the reticulation often occur 

in the peripheral layers of the protoplasm, penetrating from the 

neuroglia-membrane into the protoplasm (fig. 24). 

Besides this reticulation, there is, probably, also a special, partly 

fatty (myeloidø) substance present in all ganglion cells of inverte- 

brated bilaterates, which substance does not generally occur in the 

nerve-tubes. This substance possibly occurs to some extent, in 

connection with the spongioplasmic reticulation, and extends between 

the primitive tubes of the protoplasm, giving the latter, in preparations, 

the deep staining which is generally prominently different from the 

staining of the contents of the nervous processes and nerve-tubes 

where primitive tubes only occur. 

Whether it is the same substance which, in the ganglion cells 

of a great many animals (cf. Polychæta, Mollusca etc.), is connected 

with a pigment (hæmoglobin?) and gives the nervous system its 

special colour, I am not in a position to decide, although I think it 

not improbable. 

3) The processes of the ganglion cells are of two kinds; viz. 

nervous processes and protoplasmic processes. 

Of mervous processes each ganglion cell in the central nervous 

system has always one and never more. The nervous processes are 

generally directed, centrally, towards the dotted substance. 

When the ganglion cells are multipolar (the unipolar cell is, 

however, the most common type in invertebrated bilaterates) the 

other processes are protoplasmic omes, and they are generally short 

and directed peripherically, they having a nutritive function and 

being united with the neuroglia. As regards structure and appear- 

'ance, they are quite similar to the protoplasm of ganglion cells. 
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4) The contents of the nervous processes consists of primitive 

tubes which spring from the protoplasm of the ganglion cells, 

generally in such manner that they converge uniformly from the 

whole protoplasm, towards the pole where the nervous process 

issues; here they unite, and constitute the contents of the latter 

(fig.s 26, 43—58). 

In some ganglion cells (observed in Homarus and Nephrops) 

the contents arises from a union of bundles of primitive tubes. The 

contents of the nervous process may also be formed, in this or the 

common manner, within the protoplasm of the cell for åa shorter or 

longer distance from the place where the process issues, the process- 

contents has thus, to some extent, an undivided course through the 

protoplasm within the cell itself (fig.s 37, 38 A, 59, 60). These latter 

modes of origin I have observed especially in Homarus and Nephrops. 

3. The structure of Leydig's dotted substance. 

The nature of the so-called LEYDIGS dotted substance (»Punkt- 

substanz<), which is centrally situated in the nervous ganglia or the 

central nerve-system of all invertebrated bilaterates, has been very 

much discussed, and has been described in very different ways by 

the many previous authors on this subject, as is already mentioned 

in the historical introduction to this paper. 

Where so many prominent scientists have given their opinion, 

It is, of course, a serious matter to suggest a new view which is 

contrary to almost all previous views.!) It was therefore not with- 

out some hesitation and only after careful investigations that I 

entered upon the description of the dotted substance in the nerve- 

system of the Myzostomes?) and subsequently upon the dotted sub- 

stance in the brain of the Ascidians.% Since that time I have 

extended my investigations to a great many animals of various 

classes, and have always found my previous results confirmed in 

the principal respects. 

My investigations lead me, thus, to maintain the view I have 

previously stated, and I am now in a position to state it, as I 

1) Leydig is, as before mentioned, the author with whom I can agree in 

most respects. 

DIG 180: 
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aope, with better and more complete expression. As will be seen 

from the following description, the structure of the dotted sub- 

stance is essentially the same in all the animals investigated. The 

animal in which I have found it easiest to get a clear idea of the 

structure is Homarus, the ventral ganglia of which give an excellent 

material for investigations of this nature. 

Eomarus vulgaris. 

Sections through the brain or the ventral ganglia of Homarus 

exhibit, in their mesial part, a more or less minute reticulation; to 

some extent this reticulation even passes over into masses which, 

on a superficial examination, have a dotted appearance, for which 

reason LEYDIG has also called it »the dotted substance<« (»Punkt- 

substanz<«), without intending, however, that this designation should 

be understood in its literal signification. On a more careful exa- 

mination of good and successfully stained sections, even these masses 

with the finest granular appearance exhibit a reticulation with very 

minute but still distinct meshes; the granules are thickenings in the 

reticulation. On examination of sections through a ventral ganglion 

we will, indeed, find reticulations with meshes of all possible sizes, 

from the transsected large nerve-tubes (dorsally situated and issuing 

from the longitudinal commissures or from the peripheral nerves) down 

to the extremely minute meshes in the dotted masses just mentioned, 

which meshes are of about the same size as the transsected primi- 

tive tubes in the sections of the nerve-tubes or even much smaller. 

The substance forming this reticulation is rather uniformly 

stained through the whole mass, and in åa manner similar to that in 

which the neuroglia-sheaths of the nerve-tubes are stained (vide 

fig. 62). It is a distinct staining which is, consequently, different 

from that of the spongioplasm in the nerve-tubes (vide fig. 62). 

This makes me believe that it is not quite the same substance as 

that which I have, previously, in this paper called spongioplasm, but 

that it is rather the neuroglia-substance which forms this reticulation, 

as I can, really, see no distinct difference between the neuroglia 

enclosing the smaller or larger nerve-tubes and the substance form- 

ing the smallest meshes. 

Within the meshes a lightly stained, hyaline, substance occurs, 

which is similar to the hyaloplasm of the nerve-tubes. 

Å question of great interest is now, whether these small meshes, 

seen in sections, belong to a å real reticulation formed by fibrilleæ, 

as almost all writers agree in describing it (some writers call it 



»nervous retic.« others call it partly »retic. of connective-tissue<«) or 

whether they are transsected tubes similar to the meshes produced by 

the transsection of the larger nerve-tubes with which we are already 

acqvainted. In the former case, the hyaline substance seen within 

the meshes should be interfibrillar substance, in the latter case it 

must be a substance filling the tubes, probably hyaloplasm. 

On careful examination of transverse sections we will immediately 

receive a reply to this question. If the meshes are transsected tubes, 

we may expect to find in a section through åa mass consisting of å 

plait of such slender tubes, not only transversally transsected tubes 

but also longitudinal transsected ones. And that is, in fact, the 

case. On a glance at fig. 62 (which represents a part of å trans- 

verse section through a ventral ganglion of Nephrops morvegicus, 

which is, however, so quite similar to Homarus, in this respect, that 

we can indeed see no difference) we will, in the fine reticulation 

(ds) be able to see transversally transsected tubes as well as longi- 

tudinally transsected ones, the latter having the shape of more or 

less oblong meshes. 

On examination of spots where small parts of nerves originate 

in similar masses of dotted substance, its composition of tubes 

will be still more evident. Fig. 61 represents such a spot, highly 

magnified, in the mesial part of the first ventral ganglion of Homa- 

rus. That the meshes, tpf, are transsected tubes ss Imnnkedr 

tinctly seen; c is åa tube partly longitudinally transsected; a is å 

bundle of similar tubes issuing from various parts of this mass of dotted 

substance and passing to the root of a nerve. Many similar proofs of 

the tube-nature of the meshes, seen in the dotted substance, can be 

found on examination of sections through the ganglia of Homarus, and 

each of them speaks so clearly that I think it, really, to be å waste 

of time to give further, circumstantial, description of it at present.) 

Having thus elucidated this question regarding the tube struc- 

ture of the dotted substance, the next question of interest becomes 

— of what kind these tubes are, whether nerve-tubes or primitive 

tubes, or what else? 

Nerve-tubes are, as previously mentioned, present in great plenty 

in the dotted substance, as will be seen in fig. 62—65. These nerve- 

tubes have all possible gradations from large, fig. 62, tmt" and tmt, 

down to very small ones, of which we have, for instance, a trans- 

sected bundle in fig. 62, smt. The smallest meshes or tubes, ds, 

1) In some parts of the dotted substance the tubes are somewhat loosely situ- 

ated, and the intervals between them are then filled with a neuroglia sponge-work. 
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are, however, all of them, smaller than those small nerve-tubes, and 

they have, to a certain extent, a rather uniform size, with their dia- 

meter about the same as that of the common primitive tubes of 

the nerve-tubes (vide in t nt”). There are, also, a great many ex- 

tremely minute meshes or tubes which are even smaller than the 

smallest primitive tubes I have been able to observe in the nerve- 

tubes. These minute tubes will, subsequently, be more circum- 

stantially described. The principal difference between the primitive 

tubes of the nerve-tubes and the tubes of the dotted substance is 

that, the latter have more distinct and deeper stained sheaths. Seeing 

how nerves are formed by the union of these tubes, it is, therefore, in 

my opinion, evident that they are primitive tubes with stouter sheaths 

phaneney have in the nerve-tubes. These, the: sheaths, in the 

dotted substance, seem to be formed or, at all events, made stronger 

by the same neuroglia which also envelopes the nerve-tubes; this 

neuroglia does not seem, however, to be very distinctly distinguished 

from the spongioplasm, as we have, also, previously seen in the 

ganglion cells (cf. p. 100—102). Inside these primitive tubes, I have 

been able to observe any structure, only the hyaline substance, 

hyaloplasm, above mentioned. The granules which have given the 

dotted substance its name, are, partly, thickenings in the sheaths of 

the tubes, especially along their concreting edges; to some extent 

they are extremely slender tubes traussected (vide sequel). 

The meshes which are somewhat larger than those small meshes 

in the dotted substance, are, I think, transsected small nerve-tubes 

consisting of a few primitive tubes only. 

We have thus, in the dotted substance in the ganglia of Ho- 

marus, a complicated plaiting or web of primitive tubes, and partly 

of nerve-tubes, of various sizes. On examination of longitudinal 

sections we will find that, these tubes have in the dotted substance 

of the ventral ganglia, to a certain extent, a tendency to follow å 

longitudinal course; this is especially the case in the parts where the 

nerve-tubes issuing from the longitudinal commissures are situated. 

To some extent, we also find bundles of nerve-tubes running trans- 

versally as commissures from one side of the central nerve-system 

to the other, or also running to the peripheral nerves. 

Smaller or larger distinctly defined masses, apparently consisting 

exclusively of primitive tubes, are mesially situated in most ganglia; 

they are, however, especially prominent in the first ventral ganglion 

and in the brain; fig. 61 represents, as before mentioned, a part of 

such a mass situated, mesially, in the first ventral (thoracic) ganglion. 
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The illustration is drawn under the camera lucida and very high 

microscopical power. 

As we can not undertake the very complicated topography of 

the ganglia of Homarus in this paper, we will not enter upon the 

topographical peculiarities here, which KRIEGER, YUNG, DIETL and 

others have already to some extent previously described; we must 

confine ourselves to indicate the constituents of the various masses 

of the »fibrillar« substance (dotted substance) filling the mesial parts 

of the ganglia. The constituents of these we have found to be 

primitive tubes, or also merve-tubes, and neuroglia. 

Though I have not, as mentioned, been able to observe any 

structure inside the primitive tubes described there may perhaps be 

a still smaller or more minute constituent in the dotted substance. 

Such minuter constituent I have, however, not observed in common 

preparations stained in hæmatoxylin, carmine etc.; it is only on 

application of the chromo-silver method, mentioned p. 77—80, 

and partly on staining by HEIDENHAINS hæmatoxlin method, 

that it has been possible to observe such a constituent, and even 

then only imperfectly. It consists of extremely slender fibrillæ or 

rather tubes, which run in all directions in the dotted substance 

between the larger tubes, and whose diameters are much smaller 

than any of the primitive tubes described. Such fibrillæ or tubes 

are seen in fig.s 63—65. Many of them are, here, seen to be given 

off from larger nerve-tubes. Some of them have, at certain intervals, 

varioceles (vide fig. 63, f; fig. 64, 4, vf.), and resemble in their appear- 

ance the varicose nerve-fibrillæ I have found in the central nerve- 

system of Myxine (and which will be subsequently described) and 

the varicose nerve-fibrillæ described by GOLGI in the central nerve- 

system of the Mammalians, and, further, the nerve-fibrillæ described 

by BELLONCI in the tectum opticum etc. of fishes and birds, etc. etc. 

In the varioceles extremely slender branches are probably given off, 

these have, however, only in a few places been stained. The varioceles 

exepted, the fibrillæ are smooth and have a deep reddish-black 

staining. As will be seen from the illustrations, their thickness is 

very variable; they subdivide and at each subdivision they grow 

thinner. 

Whether the structure of those fibrillæ is that of tubes with 

sheaths and semi-fluid contents, as we have previously described the 

primitive tubes to have, is of course extremely difficult to decide. 

We know, at present, so very little of the nature of the chromo 

silver staining, that it can only give us little instruction in this 



respect. The reason why these fibrillæ, and also small nerve-tubes, 

are so distinctly and deeply stained, whilst the sheaths of the larger 

— nerve-tubes only get a light reddish staining is, for instance, very 

AN difficult to explain. Seing, however, that it is only the sheaths of 

the larger nerve-tubes or a layer just inside the sheaths which be- 

comes stained, we may perhaps conclude that this is also the case 

with the smallest nerve-tubes; indeed, we can, to some extent, 

observe it in transverse sections of them, though their contents 

also appear to be somewhat stained. Seeing that it is the case 

with the smallest nerve-tubes from which these fibrillæ issue, and 

men they quite resemble in their staining, it is, in my opinion, 

most vcrobable that they also have an external layer which is the 

essential staining part of them, notwithstanding that the contents are 

also stained. That it is principally the external layers of the fibrillæ 

which are stained, can sometimes be observed, especially in the 

thicker fibrillæ, or in their varicose thickenings. To speak more 

øistinety I will say that I do not think it is the external part of 

the neuroglia-sheaths, but that it is either their internal parts or rather 

a layer inside them which is specially staining in these slender tubes. 

Judging from chromo-silver preparations I think therefore that 

it is probable these fibrillæ are tubes, the smallest of which must 

consequently have an almost infinitesimal diameter. On examination 

of preparations stained with HEIDENHAINS hæmatoxylin method we 

Adve at very similar /results; indeed, the tube-structure of these 

slender fibrillæ (which are also partly stained by this method) is 

still more evident. Fig. 65 represents a part of åa section through 

such a preparation of the dotted substance (drawn under the cam. 

luc. and very high powers of the microscope). The slender fibrillæ, 

which are deeply stained, are seen longitudinally or transversally trans- 

sected in this very thin section. 'Transversally transsected they 

appear, partly, as extremely minute meshes, which we have before 

mentioned. Longitudinally transsected they, partly, exhibit very 

distinct longitudinal outlines and a lighter contents. Frequently they 

are, however, so slender, that no such structure can be distinguished, 

neither in transverse sections nor in longitudinal ones. Of the tube- 

structure of these smallest fibrillæ I must, therefore, once more ex- 

pressly say that we do not yet know anything with certainty. 

Another question is, whether are those fibrillæ or tubes only very 

thin primitive tubes which by subdivision etc. have become so thin, 

or are they a special constituent contained in the primitive tubes? 

 Seeing that they issue from nerve-tubes, I think it is evident that the 

% former, or the latter must be the case, tertium non datum. That they 
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are of real nervous nature, and are not simply fibres belonging to the 

connective substance, neuroglia, is not, I think, open to argument. 

To decide the above question is not easy. As before mentioned, 

it has not been possible to detect any structure inside the sheaths 

of the primitive tubes, neither in the nerve-tubes nor in the dotted 

substance. In spite of this a structure may of course be present; 

the primitive tubes are already so very minute that even our present 

powers of the microscope, though high, would not readily suffice to 

exhibit such a structure of small tubes or fibrillæ inside them. We, 

therefore, at present, stand, here, before a terra incognita, and must 

content ourselves with suppositions, which we will, however, leave 

the reader to form for himself. What we know is that, these 

fibrillæ spring from subdivisions of nerve-tubes or primitive tubes 

— or they are given off, from them, in form of slender lateral 

branchlets, and it is then, perhaps, most reasonable to assume that 

they arise only by a subdivision of primitive tubes. 

As to their course in the dotted substance, I will expressly 

say that, I have mever succeeded in observing these fibrillæ to form 

a reticulation with real meshes, neither have I seen them anastomose 

with each other. They frequently exhibit, in sections, an extremely 

complicated course with a great many subdivisions and branches, 

but in my preparations they always avoid union with each other. 

They form, consequently, a kind of loose plaiting or web and not å 

reticulation as most authors describe. They pass along the walls 

between the thicker tubes of the dotted substance. 

What previous authors have described as nervous reticulation 

in Homarus, as well as other invertebrates, is, as mentioned above, 

the transsected tubes, primitive tubes and nerve-tubes, forming the 

dotted substance, the sheaths of which tubes, in sections, give the 

appearance of a reticulation. LEVYDIG describes, as mentioned p. 60, 

a sponge-work (»Schwammwerk<«, »Balkenwerk<) in the dotted sub- 

stance, which sponge-work he supposes to be of the nature of å 

support; the real nervous substance, hyaloplasm, is diffusively ex- 

tended in the cavities of this sponge-work.!) As may be seen from 

1) Leydig does not exactly state what he supposes to be the origin of this 

reticulation. In »Zelle und Gewebe« 1885 p. 173—174 he only speaks of the 

dotted substance as containing a »protoplasmatisches Netz- oder richtiger Schwamm- 

werk«. Of this »Schwammwerke or »Balkenwerk« he says: »wo nun Nervenur- 

sprunge gesetzt sind ordnet sich das Balkenwerk zu Långsstreifen, die zwischen 

sich die homogene Grundsubstanz ebenso aufnehmen, als es in dem sich durch-. 

kreuzenden Maschenwerk geschehen war.« In another place he says, however, that 

the dotted substance »entsteht durch fortgesetzte Theilung und netzige Auflösung 

der Fortzåtze der Ganglienkugeln, genauer gesagt, ihres Spongiplasma« (l. c. p. 187). 



my description, above, I agree principally with LEYDIG, as to the 

nature of the two substances, but we do not agree as to their 

structure. LEVYDIG calls the substance of his reticulation spomgio- 

plasm; as I have tried to distinguish between spongioplasm and neu- 

roglia, I have called the same substance meuroglia, which, however, 

in my opinion, forms tubes (enveloping primitive tubes or nerve-tubes) 

and not åa sponge-work in the dotted substance. LEYDIG does not 

draw any line of demarcation between spongioplasm and neuroglia. 

His opinion is that, what he calls spongioplasm is a reticulated sub- 

stance which is present in the ganglion cells, as well as in the cells 

of the neuroglia, or the connective-tissue as he calls it; and that 

there is, in the nerve-system of the vertebrates, an intimate connec- 

tion between the spongioplasm of both kinds of cells (cf. op. cit. 

p. 187—189). In a future paper on the structure of the neu- 

roglia, the writer will have an opportunity to treat of this subject 

more circumstantially, 

The origin of the primitive tubes and fibrillæ of the 

dotted substance. — Having described what the constituents of 

the dotted substance are, as far as our ability goes, we will now 

advance to examine from whence these constituents come. To do this, 

we must try to learn the course of the nervous processes, issuing 

from the ganglion cells, and the nerve-tubes in the dotted substance. 

We have, already, said that the nervous processes of the ganglion 

cells occasionally subdivide, and give off branches, on their course 

from the ganglion cells to the dotted substance. On a closer 

examination we will find that they do the same, in a higher degree, 

on their course through the dotted substance. 

This subdivision and branching of the nervous processes cannot 

easily be traced, without staining by the chromo-silver method 

(cf. p. 78). In successful preparations, stained in this way, I have 

occasionally been able to trace the nervous processes, to some ex- 

tent, on their course through the dotted substance. When a nervous 

process was visible for some distance along its course dichotomous 

subdivisions, or finer side-branches given off from it, were always 

observed; I have never observed a nervous process which, for any 

considerable length, had an isolated course through the dotted sub- 

Stance. 

On comparison of the course of the various nervous processes, 

I have found that they essentially differ, and that there must be two 
kinds or types of them, which behave in two different ways on 

their course through the dotted substance. 



In the course of some processes dichotomous subdivisions are 

very common, and the branches of the process subdivide, again, into 

smaller and smaller branches, this seems to continue until the whole 

process is broken up into a great many fine primitive tubes or 

fibrillæ, and its individuality is, consequently, quite lost. I have not, 

yet, been able to trace any process to its division into the finest 

tubes, but from the little I have seen, however, I believe that I 

am entitled to conclude that such must be the case. Fig. 63,a 

and b represent pieces of such processes, which are drawn under 

the camera lucida direct upon the stone; fig. 70 represents åa gang- 

lion cell with such a process. 

Å great many processes have quite another character. I have 

been able to trace them for long distances through the ganglia, 

in one case even directly into the root of a nerve, without seing 

any subdivision. They have, however, no isolated course; at 

certain intervals they give off slender side-branchlets which often 

subdivide in the dotted substance. At the places where such 

branchlets issue, the nervous processes have generally small thicken- 

ings or varioceles. I think that all the nervous processes of this 

type pass to a commissure or peripheral nerve, and become å com- 

missural or peripheral nerve-tube. We may thus say, of these 

nervous processes, that they keep their individuality, but have mo 

isolated course. Fig. 64, a, b, c, d represent nervous processes of 

this kind; fig. 68 and 69 represent ganglion cells with such processes. 

We may thus establish two types of nervous processes VIzZ. 

I) nervous processes Which lose their individuality and are entirely 

broken up into slender primitive tubes and fibrille, and 2) mervous pro- 

cesses which keep their individuality and pass through the dotted 

substance of the ganglia, forming a merve-tube, but which have mo 

isolated course, side-branchlets being given off on the way through 

the dotted substance. 

We have, before, said that the nervous processes subdivide, and 

give off branchlets also before the reach they dotted substance. The 

branches and branchlets which arise in this way seem, however, 

chiefly, if not wholly, to penetrate into the dotted substance; they 

frequently enter into this substance together with the thicker nervous 

processes, as will be seen in fig. 64, 6, f, where several such branches 

are represented. It seems, thus, not to be of any essential import 

whether the nervous processes subdivide in or outside the dotted 

substance, as in both cases the branches penetrate into it and be- 

come one of its constituents. 



It is, however, not only the nervous processes which subdivide 

or give off branches to the dotted substance and thus contributes 

to its formation; the nerve-tubes coming from the longitudinal com- 

missures and from the peripheral nerves also do the same. 

That the largish nerve-tubes of the longitudinal commissures sub- 

 divide to some extent in the ganglia, may already be concluded 

from the fact that, in a transverse section through the central 

part of a ventral ganglion, only a very small number of trans- 

sected large nerve-tubes is seen. The many largish nerve-tubes of 

the commissures must, therefore, either have passed to the peripheral 

nerves, or they must have subdivided, or have become diminished 

by giving off lateral branchlets, or finally they may originate in 

ganglion cells. On examination of longitudinal sections stained 

with hæmatoxylin etc. it may be seen that these longitudinally 

running nerve-tubes subdivide, in the ganglia, to a great extent. 

The contents of the longitudinal commissures radiate into the dotted 

substance of the ganglia, and are to some extent lost in it owing to 

the subdivisions of the nerve-tubes. 

On examination of longitudinal sections of preparations success- 

fully stained by the chromo-silver method this is of course seen 

much more distinctly. In such sections, I have seen longitudinal 

nerve-tubes which were broken up by subdivisions into fine primitive 

mubes and fbrillæ (vide fig. 64,1, 3: 11)- 

I have, however, also seen longitudinal nerve-tubes passing 

undivided through the ventral ganglia and into the commissures 

quitting them at the other side. Sometimes I have observed such 

nerve-tubes to give off side-branchlets to the dotted substance of 

the ganglia through which they pass (cf. fig. 64,0» 6»8>9310)- 

I believe that some of the longitudinal nerve-tubes pass to ganglion 

cells, and are connected witht their nervous processes, or, in other 

words, that they are direct continuations of the nervous processes. 

I have certainly in no preparation succeeded in really observing such 

a direct connection; I have, however, seen so many indications of 

its probable existence that I do not think there can be much doubt 

about it. These nerve-tubes do not, however, have any isolated 

course, they give off side-branchlets to the dotted substance. 

The nerve-tubes of the peripheral nerves originate in the 

ganglia in two, or rather three, ways. 

Some merve-tubes spring directly from ganglion cells, being di- 

rect continuations of nervous processes, as before mentioned. These 
OG 



nerve-tubes, or nervous, processes give off side-branchlets on their 

way through the dotted substance, vide fig. 69, which represents. 

such a nerve-tube, seen in a section stained by the chromo-silver 

method; in the section a few lateral branchlets. only were stained, 

but I think it probable that there were more. The nerve-tubes 

spring from ganglion cells which are situated either on the same 

side as the peripheral nerve to which the nerve-tubes belong, or on 

the opposite side of the ganglion. 

| Other nerve-tubes do not spring directly from ganglion cells, but 

arise from the dotted substamnce by a wnion of slender primitivv 

tubes and fibrille, Which unite to form thicker and thicker tubes. 

I have never succeeded in tracing a nerve-tube with such an origin 

to its finest branches; this is owing to the very complicated course 

of those nerve-tubes; they often originate on the same side as the 

peripheral nerve to which they belong, but most frequently they 

originate on the opposite side. They then pass united to bundles, 

or transverse commissures, from one side of the ganglion to the 

other. Though I have not been able to trace such mnerve-tubes. 

through the whole extent of their course, I have, however, seen 

their origin in portions and believe I am entitled to say that it is- 

as just described. 

When we now gather what will be the constituents of the 

dotted substance according to the above given investigations we will 

have the following. 

I) The branches' of those nervous processes which lose their 

individuality and are entirely broken up into fine branches. 

2) The side-branchlets of those nervous processes which di- 

rectly become nerve-tubes and do not lose their individuallty (but 

which on their course through the dotted substance give off side- 

branchlets). 

3) The branches of those nerve-tubes which come from the 

longitudinal commissures, and which in the dotted substance are 

entirely broken up into slender branches. 

4) The side-branchlets given off from those nerve-tubes of the 

longitudinal commissures which pass entirely through the ventral 

ganglia, only giving off branchlets to the dotted substance. 

5) The side-branchlets joining those nerve-tubes of the longi- 

tudinal commissures which spring directly from ganglion cells. These 

branchlets are partly the same as those mentioned in 2. 

6) The primitive tubes and branchlets, or fibrillæ, which unite 



60 constitute those peripheral nerve-tubes which entirely spring from 

the dotted substance. 
7) The side-branchlets joining those peripheral nerve-tubes which 

are direct continuations of nervous processes from ganglion cells. 

These side-branchlets are, consequently, partly the same as those 

fi mentioned in 2. 

We have thus seen that the constituents of the dotted sub- 

stance are tubes, and that these tubes have a rather variable origin. 

What the significance of the dotted substance is, we will in subse- 

quent chapters have the oportunity to examine. 

Nephrops norvegicus. 

In Nephrops the structure and relations of the dotted substance 

is so quite similar to what they are in Homarus, that the above 

given description will suit in all particulars for both Homarus and 

Nephrops. 

The Nereidæ. 

Amongst the Polychætes, it is chiefly the Nereidæ (especially 

Nereis virens) that I have examined in respect of the structure of 

the dotted substance; I shall therefore in this chapter mention those 

animals only. 

As the dotted substance of the ventral nerve-cord is the 

simplest, and easiest to investigate, we will confine ourselves to it. 

In the ventral nerve-cord of Nereis the dotted substance has, as 

is well known, a situation and extension very different from what is the 

case in the ventral nerve-cord of Homarus. There are no distinct 

ganglia, and no distinctly separated longitudinal commissures, the dot- 

ted substance has, thus, a more uniform extension in two longitudinal 

rods along the whole nerve-cord. Its composition of tubes is, if 

possible, still more evident than it is in Homarus. In transverse 

sections of the nerve-cord we find, as before mentioned (vide fig. IA), 

a reticulation with small and large meshes. In longitudinal sections 

we find a longitudinal striation, which shows that the meshes of the 

reticulation, seen in transverse sections, are transsected thick and thin 

longitudinal nerve-tubes. The whole so-called dotted substance of 

the ventral nerve-cord of Nereis consists, thus, principally of longi- 

tudinally running tubes. 

On close examination of sections under high powers of the 

microscope it will, however, be seen that slender tubes pass in 

all directions between these longitudinal tubes; this is very pro- 



minent in some small masses, which are especially ventrally situated 

on each side of the nerve-cord, and which have åa more minute and 

granular appearance than the rest of the dotted substance. 

In longitudinal section such masses will be found to occur 

especially near places where peripheral nerves issue. Fig. 66 represents 

such a place taken from åa longitudinal section. aa are parts of 

the central longitudinal septum, dividing the ventral nerve-cord longi- 

tudinally into two lateral cords (cf. fig. 10, a). Smaller and larger 

nerve-tubes (tt”, i”, ti) are seen passing the septum, from one side 

of the nerve-cord to the other, a great many of these small nerve- 

tubes (t”) seem to pass to the origin of the peripheral nerve, 

which origin lies to the left of the illustration. Some large nerve- 

tubes (t, pt) pass to the same peripheral nerve. Amongst the 

longitudinal nerve-tubes smallish (f) as well as largish (lt) tubes may 

be seen. The mnerve-tubes running transversally between these 

longitudinal nerve-tubes are, also, of different sizes. Besides nerve- 

tubes, neuroglia-fibres with transverse courses also occur, and they 

are often difficult to distinguish from nerve-tubes. Such transverse 

neuroglia-fibres may, for instance, be distinctly seen in the dotted 

substance on the left hand side of fig. 67. 

Neuroglia-nuclei occur somewhat sparingly in the dotted sub- 

stance of the ventral nerve-cord of Nereis. They are oblong, have 

a granular appearance, and are generally longitudinally situated in 

the sheaths of the longitudinal nerve-tubes (vide fig. 66,m). They 

are, however, also transversally situated in the sheaths of transverse 

nerve-tubes (vide fig. 66,1). 
To find the origin and course of the various tubes constituting the 

dotted substance has been very difficult, as I have not yet succeeded 

in obtaining any staining by the chromo-silver method in the nervous 

system of these animals. As far as I have been able to penetrate 

by help of the common staining with hæmatoxylin etc. (which has 

before been described) I believe, however, to have found that the 

constituents of the dotted substance have chiefly (if not wholly) the 

same origin in these animals as they have in Homarus. 

I have found ganglion cells with nervous processes wich were 

directly transformed into nerve-tubes, but from which side-branchlets 

were given off (vide fig. 44). I have, however, not been able to 

trace such nerve-tubes (direct continuations of nervous processes) 

into peripheral nerves; those which I have observed, have par 

had a longitudinal course in the nerve-cord. 

I have also found ganglion cells with nervous processes, which 

— 134 — 

Å 



på s 

ko 

- subdivided in the dotted substance, and seemed to be entirely broken 

up into slender branches. 

I have observed longitudinal nerve-tubes which seemed to sub- 

divide and be broken up into branches, similar to those longitudinal 

nerve-tubes I have observed in the ventral ganglia of Homarus. 

I have also observed side-branchlets to be given off from longi- 

tudinal nerve-tubes passing along the nerve-cord. 

Finally, I have observed peripheral nerve-tubes springing from 

the dotted substance, being apparently formed by a union of 

slender tubes. 

Peripheral nerve-tubes springing directly from ganglion cells, I 

have, as above mentioned, not been able to trace out, but I have 

been able to trace peripheral nerve-tubes for considerable distances 

through the dotted substance passing frequently over to the other 

side of the ventral nerve-cord, and I believe that they often spring 

directly from ganglion cells. 

From the little we have seen, we may therefore conclude, that 

the constituents of the central mass, or dotted substance, of the 

ventral nerve-cord of Nereis are chiefly the same as those we have 

found in Homarus; the principal constituent is, however, in Nereis 

longitudinally running nerve-tubes, and the other constituents are 

comparatively sparingly present. Masses of a complicated web or 

plaiting of extremely slender tubes, similar to that which is de- 

scribed in the ganglia of Homarus, do not occur in Nereis. 

Upon the whole, the dotted substance of Nereis is very simple 

in its structure, and represents a primary state. 

The suggestion of E. RoHDE'') that the ventral nerve-cord of 

the Polychætes are only developed peripheral nerves because of 

the longitudinally running nerve-tubes, which should indicate the 

nerve-origin, is I think not very well founded. If that is right, the 

ventral nerve-cord of all invertebrated bilaterates which have a nerve- 

cord, must also spring from peripheral nerves only, because in all 

of them there are, according to my investigations, a great many 

longitudinal nerve-tubes, indeed the spinal nerve-cord of the verte- 

brates must also have the same origin. I do not know if this is 

ROHDE's opinion?” According to this view the primary state of the 

nerve-system must be a central brain from which nerves only issue. 

Some of these nerves must then at a later stage, by an emigration 

from the brain, or in some other manner, have got ganglion cells. 

Hele. 1386. 
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I do not think it necessary to discuss any further the many diffi- 

culties which would arise from such a theory; in my opinion, it is 

quite contrary to all known laws of evolution of the nervous-system. 

The longitudinal nerve-tubes have, in my opinion, another origin and 

significance, but this is not the place to enter into researches of 

this nature, we will defer this for a later occasion.!') 

1) Dr. E. Rohde describes »die Leydig'sche Punktsubstanz« of the Polychæ- 

tes in the following way: »Untersucht man das Gehirn der Polychæten auf feinen 

Schnitten, so erkennt man, das dieselbe aus sehr vielen und feinen Fåserchen be- 

steht, welche wirr durch einander ziehen und bald im Långsschnitt als Linien, bald 

im Querschnitt als Punkte erscheinen. Das Bauchmark hat im wesentlichen die- 

selbe Structur, nur iiberwiegen hier långsverlaufende Fåserchen, welche aber zahl- 

reich von schiefen und queren gekreuzt werden. Querschnitte und Långsschnitte 

zeigen im Gegenzatz zum Gehirn im Bauchstrang ein verschiedenes Bild, die Långs- 

schnitte mehr Linien, die Querschnitte mehr Punkte.« It will be seen that, this 

description by Rohde differs very much from mine. His »Fåserchen« are what I 

call sheaths of the nerve-tubes. It is strange, however, that he does not seem to 

have observed the reticulation which is produced in sections by the transsections 

of the nerve-tubes, and which is very prominent and distinct, for instance, in trans- 

verse sections of the ventral nerve-cord; he has perhaps applied unsuccessful 

staining-methods. In his description of the large nerve-tubes he mentions, however, 

fibrous sheaths enveloping them. Of one of the colossal nerve-fibres of Sihenelais, 

he says, that »it arises by a union of two nerve-fibres coming directly from two 

colossal ganglion cells in the brain, — and that it is enveloped by a fibrous 

sheath, which is at first closely applied to it, but in its further course separates 

from it and then encloses a cavity, which constantly becomes larger posteriorly 

and in the middle of the body attains an enormous diameter.« The nerve-fibre, 

which almost disappears in its wide sheath, gives off fine processes, traversing the 

whole cavity and apparently penetrating into the sheath. Towards the posterior 

extremity of the body the cavity becomes smaller, and conditions corresponding to 

those of the anterior extremity are reestablished. 

As I have not examined Sthenelais, I can have no opinion of the correct- 

ness of this statement; I have not met with any structure similar to it in the Poly- 

chætes I have examined. From Rohde's own description it appears to me that 

there must have been some irregularities in his preparations. 

As to the origin of the large nerve-tubes, Rohde states that they spring di- 

rectly from ganglion eells. As to their terminations, his opinion is that they are 

generally broken up into »feine Fåserchen«, wich in transverse sections are seen 

as minute dark points or dots. 

The processes of the ganglion cells (which are »ausnahmslos unipolar<) pass, 

in his opinion, to the dotted substance partly »begleitet von Subcuticularfasern, 

welche aber bald nach ihrem Eintritt verschwinden.« What is meant by »Sub- 

cuticularfasern« I do not exactly understand, perhaps it is the neuroglia-sheaths 

surrounding the processes. The smaller processes »gehen direct in die centralen 

Fåserchen iber.« The larger processes are partly enveloped by a sheath, being a 

continuation of the sheath of the ganglion cells. He believes it to be probable 

»dass sie durch pinselförmige Auflösung in die Fåserchensubstanz iibergehen.« 



Lumbricus agricola. 

In Lumbricus, the dotted substance of the central nervous system 

represents a more developed state than it does in Nereis, it having a 

much more complicated structure; this is at once prominently apparent 

in transverse and longitudinal sections. The substance consists of 

tubes, and exhibits in sections a minute reticular appearance, the 

tubes being generally very slender; they vary a great deal as to 

their diameter, some are extremely slender, others are thicker but 

ner average size is small. The tubes have, in the ventral nerve- 

cord, a longitudinal course, principally as may be seen in longitudinal 

sections. Between the longitudinal tubes, slender tubes are, however, 

interwoven, running in all directions, and forming a complicated web 

or plaiting. This plaiting is present to åa much greater extent than 

is the case in Nereis, and at the same time the diameters of the 

tubes are generally much smaller than they are there. 

As is well known there are no ganglia in the ventral nerve-cord 

-of Lumbricus, and thus the dotted substance is uniformly extended 

along the whole nerve-cord. 

The fibrillæ described by many previous authors, e. g. CLAPA- 

RÉDE, are, in my opinion, as before mentioned, only the transsected 

sheaths of the tubes which are the real constituents of the dotted 

substance. 

In respect of the origin of these tubes forming the constituents 

«of the dotted substance, it may be said so far as my experience 

goes, that their origin is quite similar to what is found in Nereis 

and Homarus. 

As to the nervous processes of the ganglion cells, I have ob- 

ved the same two types as are described in Homarus, viz. 

I) nervous processes retaining their individuality and directly becom- 

ing nerve-tubes (either of a peripheral nerve or running longitudinally 

in the ventral nerve-cord [fig. 84]) but which give off side-branchlets 

to the dotted substance (fig. 71, f, g), and 2) nervous processes which 

lose their individuality and are, by subdivisions, entirely broken up 

into slender tubes losing themselves in the dotted substance 

Mie 71, å, d, h and fig. 72). 

As to the course of the longitudinal nerve-tubes of the dotted 

:substance, and the double origin of the peripheral nerve-tubes, I have 

observed conditions very similar to those stated of Homarus, but 

my observations have been rather imperfect, as I have not obtained 

such staining in Lumbricus as I have in Homarus. 
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Neuroglia-muclei occur sparingly in the dotted substance of 

Lumbrcs (ørn her 

The Molluscs. 

In Patella we find the dotted substance to have an appearance 

rather different from that of the animals before described. The 

elements of the dotted substance are, here, much smaller, and more 

difficult to trace out than those we have hitherto examined. 

On a careful examination of successfully stained transverse sec- 

tions through the pedal nerve-cord of Patella, it is possible to ob- 

serve a minute reticulation with very small but distinct meshes. It 

is this reticulation which HALLER in the Rmipidoglossa, and RAWITZ 

in the Acephales, describe as nervous reticulation. Besides the meshes 

which have extremely slender walls, a great many dark dots are also 

seen. These dots are situated in the walls of the meshes, and 

chiefly in their corners where several walls of various meshes meet. 

It is these dots which RAWITZ has described as varicose thickenings. 

in the nervous fibrillæ which he supposes to form this reticulation 

in the Acephales. 

On examination of longitudinal sections through the pedal nerve- 

cord, it is seen that the dotted substance has, here, a somewhat 

different appearance. The reticulation seen in transverse sections 

Is not present to such extent, on the other hand longitudinally 

running distinctly stained fibrillæ are very prevalent. These fibrillæ 

are extremely slender, and are stained in the same way as the 

reticulation in transverse sections. The intervals between those 

fibrillæ are very small and are of about the same size as the dia- 

meters of the meshes of the reticulation. This indicates that the 

meshes are transsected tubes, and that the longitudinal fibrillæ are 

partly the transsected sheaths of these tubes. It is consequently, in 

so far, a structure somewhat similar to what we have found in 

Lumbricus and Nereis. In longitudinal sections, but especially in 

oblique ones, it is seen that the dark dots visible in transverse sec- 

tions are transsected fibrillæ, chiefly running along the concreting 

edges of the tubes. The question is, now, whether these fibrillæ 

belong to the neuroglia, and are only thickenings in the fibrous sheaths 

of the nerve-tubes, or whether they are real nerve-fibrillæ? To decide 

this question, I have examined fresh preparations as well as macerated 

ones, but I must admit, that in this respect I have not till yet succeeded 

in getting a clear idea of the real relations in the structure of the 

dotted substance of Patella. In fresh isolated preparations of the 

j 



dotted substance plenty of fibres of various sizes are seen. The 

Å greater part of them are extremely slender. In fig. 85 some of these 

fibres from fresh preparations are illustrated. They are present in 

every preparation to unlimited extent, and do not seem to be formed 

in any artificial way, but only to be just isolated. In macerated 

preparations they are still more prominent (fig. 86). They may, 

here, be isolated, and traced for long distances through the dotted 

substance; to some extent, they are of a rather uniform size with å 

small diameter; they have a smooth aspect but may sometimes, 

though seldom, be seen to give off extremely fine lateral-fibrillæ (vide 

fig. 85, b, e; 86, a, b); where such fibrillæ issue small varicose thicken- 

ings are generally present. In thicker fibrillæ subdivisions occasionally 

happen (vide fig. 85,d). It is obvious that a great deal of the thickish 

fibres found in macerated preparations are real nerve-tubes, as they 

may be seen to be direct continuations of nervous processes from 

ganglion cells; these fibres have also, to å certain extent, an aspect 

like what is characteristic for nerve-tubes. To decide the nature of 

the extremely slender fibrillæ, which occur in such abundance, is, how- 

ever, much more difficult; their aspect is undeniably very like that of 

common neuroglia-fibres or connective-tissue fibres; a great many of 

them are so thin that they, even under the highest powers of the 

microscope, appear like lines. As, however, we may find fibrillæ of 

every transition-stage from those finest ones up to these largish 

fibres, which unquestionally are nerve-tubes, and as we may see 

feninne fbrillæ to be øiven off from these nerve-tubes as side- 

branches, or being formed as a final-product by the breaking up 

of the latter, we feel ourselves forced to define these fibrillæ as 

being to a great extent real nerve-fibrillæ. These nerve-fibrillæ or 

tubes, as we should more properly call them, are certainly of a 

much smaller size than most of the tubes we have hitherto found 

in the dotted substance of other animals; this may, however, be 

accounted for from the smallness of all the nervous elements in 

Patella. 

On the other hand, it is obvious that å great many fibrillæ seen 

in fresh and macerated preparations belong to the neuroglia. Such 

fibrillæ may often be seen to issue directly from neuroglia-cells, or 

united with neuroglia-nuclei (vide fig. 790—81; 73,nm; 82,nc; 83,n, nc. 

86,me) which occur abundantly in the dotted substance.') These 

1) The reason why Haller and Rawitz deny the occurence of neuroglia- 

nuclei is, I think, that they have not recognized their real nature and describe them 

as »Schaltzellen« which they believe to be multipolar ganglion cells. H. Schultze, 

Walter, and others have given somewhat similar descriptions. 
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neuroglia-fibrillæ resemble in their aspect the fine nerve-fibrillæ, so 

very much, that I am not at present in a position to point out any 

distinct difference between them.) 

As to an interfibrillar substance, which many authors describe, it 

may be stated that, in fresh preparations, I have occasionally observed 

hyaline pearls adhering to the sides of the fibrillæ (vide fig. 85,0). In 

my opinion these pearls do not, however, spring from an interfibrillar 

substance, but are pearls of hyaloplasm, springing from destroyed 

nerve-tubes. 

The origin of the constituents, forming the dotted substance, we 

will find to be quite correspondent to what is found in Homarus. 

All the nervous processes of the ganglion cells are, as already 

mentioned, directed towards, and penetrate into, the dotted substance. 

As in Homarus, and the other animals examined, it may be 

seen that some mervous processes (vide fig. 73, k,m”; 74,0, 6,d, f; 75; 

76; 78; 82,4; 83,a) retain their individuality, in their course through 

the dotted subsance, and as far as they can be traced are mot seen 

to subdivide; at intervals, however, they give off some few fine side- 

Ddranchlets, at the origin of which small varicose thickenings frequently 

oceu ga ar Fs SRO) 

Other mervous processes (vide fig. 73,b,f; fig. 74,h,%; fig. 77) 

dose their individuality; they subdivide and are broken up into slender 

nerve-fibrillæ. 

We have thus two types of nervous processes, like what is 

found in Homarus etc. 

As to the course and termination of the many longitudinal 

nerve-tubes, which form such a material part of the dotted sub- 

stance of the pedal nerve-cord, little can be said at present. In 

some of them I have observed side-branchlets to be given off, in 

others I have occasionally seen subdivisions; but upon the whole my 

present methods of investigation have been insufficient to trace out 

these very slender structures. Å great many of them are, however, 

.easily seen to pass into peripheral nerves, forming peripheral nerve- 

'tubes. 

As to the origin of the peripheral nerve-tubes, my investigations 

are also in that respect very imperfect. I have observed nerve-tubes 

which, probably, come directly from ganglion cells, as they could be 

'traced for long distances in their course through the dotted substance 

without subdividing, only giving off some few side-branchlets; 

1) Vide also my description of the nerve-tubes of the Mollusca p. 94—96. 
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they were often directed towards groups of ganglion cells; I have 

not, however, succeeded in observing any direct combination with 

the latter. Other peripheral nerve-tubes could be seen to subdivide 

soon after their entrance into the dotted substance. 

Å significant relation is that, a great many nerve-tubes of the 

peripheral nerves are considerably larger in the peripheral parts of the 

latter, than they are near their origin in the pedal nerve-cord, and in the 

latter itself. As to the size of the nerve-tubes; the pedal nerve-cord 

and the first parts of the peripheral nerves are very much alike, and 

it is presumably the same substance, viz. dotted substance, that forms 

both. To make this correspondence quite complete, a great many 

ganglion cells also occur in the tirst parts of the peripheral nerves, 

especially in the larger ones (e. g. vide fig. 20, ge). Thus, it really 

looks as if the first parts of the larger peripheral nerves, issuing from 

the pedal nerve-cord of Patella, also belong to the central nervous 

system. 

The fact that the nerve-tubes in the peripheral parts of the 

nerves have generally a larger diameter than the nerve-tubes near 

the origin of the nerves, can not, in my opinion, be explained in any 

other way than that the former to a great extent arises by a union 

of the latter. In other words, the roots of the mnerves contains, 

to a great extent, only the elements of the peripheral nerve-tubes, 

and the formation of the latter does not take place in the pedal 

nerve-cord or the central nervous system only but also in the: 

peripheral nerves themselves. 

The Ascidians. 

I have already, in a previous paper, given a preliminary report 

of the results of my investigations on the dotted substance of the 

Ascidia (vide 1. c. 1886), and my present description will partly be, 

only åa confirmation of what is there stated. 

In well prepared transverse sections of the brain, the dotted 

substance exhibits a distinct reticulation with minute round meshes 

(vide fig. 87). These meshes are comparatively larger, and more 

distinct, than those we found in the dotted substance of Patella; 

their walls are distinct and rather uniform. Upon close examination 

of transverse as well as longitudinal sections, they may be seen to: 

be produced by a transsection of nerve-tubes, and the walls of the 

meshes in the retlculation are only the transsected sheaths of the 

tubes. This may partly be seen in longitudinal sections where a 

great many mnerve-tubes are longitudinally transsected and show 



a longitudinal course; it is especially prominent near the anterior 

and posterior extremities of the brain where the large anterior and 

posterior nerves issue, and where, consequently, a great many nerve- 

tubes converge towards their roots, causing longitudinal sections to have 

a longitudinal striation (fig. 88), whilst transverse sections of the same 

parts exhibit åa distinct reticulation with meshes of about the same 

diameter as the intervals between the longitudinal lines of the longi- 

tudinal sections. In the mesial parts of the brain, the nerve-tubes 

run in more diversified directions, and thus longitudinal as well as 

transverse sections exhibit a reticulation, as tubes are transversally 

transsected in both; some tubes are, however, obliquely, or partly 

longitudinally transsected and appear then, in the sections, as oblong 

or elongated meshes. As the nerve-tubes forming the dotted sub- 

stance vary in diameter, the meshes are consequentlyl Alsøkør 

Varlous SIZes. 

In the walls between the meshes, slender fibrillæ are seen to | 

run in all directions, forming an intricate web or plaiting between 

the tubes, but neither these fibrillæ nor the larger nerve-tubes can 

be seen to anastomose with each other, and thus no real reticulation 

is formed by either of them; the dotted substamce consists of å web 

or plaiting of nerve-tubes and fibrillæ"), and it is only the transsection 

of the tubes which, im section, gives the substamce the appearance of 

contaimng a reticulation. 

In macerated preparations of the dotted substance, a great many 

tubes and fibrillæ are easily isolated. Fig. 89 represents such a 

preparation. It is here distinctly seen that, no reticulation and no 

anastomoses are present. From some tubes side-branches are 

given off. 

On examination of the origin of these nerve-tubes and fibrillæ 

it will be seen that they have the very same origin as they have in 

the animals previously examined. 'A great many come from ganglion 

cells, and åa great many pass on to constitute the peripheral nerves, 

and from both fibrillæ and side-branches are given off. 

The nervous processes issuing from the ganglion cells are of 

1) These fibrillæ are partly nerve-fibrillæ, partly neuroglia-fibrillæ. The nerve- 

fibrillæ have, probably all of them, a tube-structure like the larger nerve-tubes; 

i. e. an external sheath enclosing a semi-fluid hyaline contents, hyaloplasm. In 

nerve-fibrillæ which are not too slender, this tube-structure may be seen on close 

examination. The mneuroglia-fibrillæ are often seen issuing from mneuroglia-cells 

which frequently occur in the dotted substance. I am not in a position to say 

anything with certainty about their structure at present. 
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the same two types previously described. Some processes retain 

their individuality, and pass directly to form nerve-tubes, whilst giving 

of slender side-branches (fig. 55—57; 87,06; 89, gc), other processes 

lose their individuality and are broken up into slender branches losing 

themselves in the plaiting of the dotted substance (fig. 87,a,b,d,e). 

I have been able to trace both these types of processes, only for 

comparatively short distances through the dotted substance, but 

still the difference between them is generally possible to distinguish.") 

As before said, a great many of the nerve-tubes of the dotted 

substance go to constitute the peripheral nerves. Many of these 

nerve-tubes are, consequently, direct continuations of the nervous 

processes from ganglion cells of the one type; these nerve-tubes 

probably form peripheral nerve-tubes directly. A great many 

of the other mnerve-tubes and fibrillæ, constituting the mnerves, 

are either continuations of the slender branches arising from the 

subdivisions of the nervous processes of the other type (these 

fibrillæ are extremely slender, and in the roots of the nerves they 

unite to form thicker tubes), or they spring from a union of similar 

fibrillæ or branches; perhaps the side-branches given off from the 

nervous processes of the first type also contribute to the forming of 

these nerve-tubes. 

As constituents of the peripheral nerves, present in their roots, 

we have thus elements of two kinds; viz. 1) nerve-tubes which are 

direct continuations of nervous processes, but which, however, are 

partly strengthened by the junctions of slender side-branches, and 

2) nerve-tubes arising from a union of slender tubes or fibrillæ.*) 

1) As is mentioned in my previous paper on the nervous system of the 

Ascidia (1. c. 1886), small ganglion cells occur in the dotted substance (vide 

fig. 87,7,9). Those cells have generally a tripolar or multipolar form (bipolar cells 

also occur). Fig. 57 represents such a cell, isolated, in a macerated preparation. 

The protoplasmic processes of these cells are, generally, directed peripherically 

towards the external layers of the brain, whilst the nervous process has very often 

a longitudinal course through the dotted substance. I have often, both in macerated 

preparations and in sections, been able to trace such nervous processes for some 

distance of their course through the brain, but have rarely observed any sub- 

division of them. I think it therefore probable that they, to a certain extent, are 

directly continued into peripheral nerve tubes; some of them are, however, broken 

up into branches losing themselves in the dotted substance. 

?) It may here be mentioned that, I have vbserved ganglion cells situated in 

the roots of the nerves and sending their nervous processes directly into the nerve. 

In fig. 88, which represents a part of a longitudinal section through the anterior 

end of the brain of a Corella, such a ganglion cell (ge) is seen situated at the 

root of one of the anterior nerves. I am not in a position to state whether the 

nervous processes of these cells send off side-branches. 
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Neuroglia-nuclei are scattered through the dotted substance of 

the Ascidia; they distinguish themselves from the nuclei of the before 

mentioned ganglion cells, also occurring in the dotted substance,. 

by a darker staining, a more oblong form, and a more granular 

appearance; they are also generally of a smaller size than the latter. 

As before said, neuroglia-fibres are very often seen in connection 

with these mneuroglia-nuclei. Sometimes mneuroglia-nuclei are seen 

adhering to the nervous processes issuing from the ganglion cells. 

Mdemnex87). 

Summary. 

If we now gather together the results of our previous researches. 

on the structure of the dotted substance, and if we assume them 

to be applicable to the dotted substance of all invertebrated bi- 

laterates — which we may probably do, seeing the correspondence 

between the principal characteritics in the structure of the various 

groups investigated — we may give the following summary of our 

investigations: 

The dotted substance of all invertebrated bilaterates consists. 

chiefly of nerve-tubes, and primitive-tubes (and nerve-fibrillæ which 

are only small primitive-tubes); these tubes consist of åa neuroglia- 

sheath, and a semi-fluid contents (hyaloplasm), they have conse- 

quently a structure similar to the primitive-tubes of the nerve-tubes,. 

only that their sheaths are stronger than the spongioplasmic ones 

of the latter. 

The tubes and fibrille forming the dotted substance do mot 

anastomose with each other, but form, only, a more or less intricate 

web or plaiting. The reticulation seen in sections, and described by 

various authors as a real nervous reticulation, is no reticulation, 

but is produced by the transsection of the tubes forming the dotted 

substance, and the meshes of the reticulation are only the transsected 

sheaths of these tubes. The ,interfibrillar substance*, described by 

various authors, is the hyaline hyaloplasm, which forms the contents 

of the tubes, and is the real nervous substance.!) 

1) I think it probable that it is the same substance which Rawitz describes 

as myeloid substance. Hermanms »Zwischensubstanz« (cf. p. 46) is evidently 

hyaloplasm. The »Knotenpunkte«, described by Hermann, are, I suppose, thicke- 

nings in the sheaths of the tubes, they can not be neuroglia-nuclei, as they seem 

to occur in too great abundance. 
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The origin of the nerve-tubes and nerve-fibrillæ (primitive tubes) 

of which the dotted substance consists is the following: 

I) The branches of those nervous processes which lose their 

individuality and are entirely broken up into slender branches. 

2) The side-branches of those nervous processes which do not 

lose their individuality but directly become nerve-tubes whilst giving 

off side-branches on their course through the dotted substance. 

3) Those longitudinal nerve-tubes which run along, through the 

dotted substance, especially of the ventral nerve-cord, and which 

partly pass into peripheral nerves. 

4) The side-branches given off from those nerve-tubes. 

5) The branches of those longitudinal nerve-tubes which are 

entirely broken up into slender branches losing themselves in the 

dotted substance. 

6) The slender tubes or fibrillæ which unite to form those 

peripheral nerve-tubes which exclusively spring from the dotted 

substance. 

7) The side-branches joining those peripheral nerve-tubes which 

spring directly from ganglion cells, i. e. which are direct continua- 

tions of nervous processes from ganglion cells. These side-branches 

are consequently partly the same as those mentioned in 2. 

Besides nerve-tubes and fibrillæ, meuroglia-cells and fibres are 

also present in the dotted substance of all invertebrated bilaterates. 

The neuroglia-nuclei have generally an oblong shape with å granular 

appearance. | 

4, The combination of the ganglion cells with each other, 

and the function of the protoplasmic processes. 

In the historical introduction to this paper it is pointed out that 

two views as to the combination of the ganglion cells have especially 

been prevalent amongst the previous authors (vide p. 64—65). 

We will now examine the conclusions in this respect our present 

researches must lead us to. 

A direet combination between the ganglion cells is, as we have 

seen, mot acceptable. In spite of the most persevering investigations 

I have not been able to find any direct anastomosis of indubitable 

nature between the processes of the ganglion cells. Where I thought 

to have found an anastomosis it always on application of the strongest 

IO 
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lenses resolved itself into an optical illusion. In a few cases I have 

certainly observed short bridges extending between neighbouring 

cells, these bridges have, however, in my opinion, evidently been 

remnants of cell-divisions, and are therefore of but little interest 

to our present subject; they had not the appearance of common 

processes. 

If a direct combination is the common mode of combination 

between the cells, as most authors suppose, direct anastomoses 

between their processes ought, of course, to be quite common. 

When one has examined so many preparations (stained by the 

most perfect methods) as I have, without finding one anastomosis 

of indubitable nature, I think one must be entitled to say, that 

direct anastomosis between the processes of the ganglion cells does not 

exist, as a rule. What previous writers have supposed to be 

anastomoses Is, in my opinion, probably the neuroglia-reticulation 

generally extending between the ganglion cells, and the fibres of 

which are often difficult to distinguish from the processes of the latter. 

Another objection against a direct combination, and which does 

not seem to have been thought of by a great many authors, is the 

existence of unipolar ganglion cells. How is it possible to explain 

an existence of unipolar cells, when we believe in a direct combina- 

tion by anastomosing processes? Certainly we will be obliged to 

say with VIRCHOW, and others, that — the closer we examine the 

nervous systems — the fewer unipolar cells do we find; in other 

words we can not believe in the usual existence of unipolar cells.') 

1) A good instance of the results to which the common theory of the func- 

tion and combination of the ganglion cells must bring us is a recent paper by 

Fritsch (op. cit. Arch. mikr. Anat. 1886). This author says, that the apolar gang- 

lion cells have »lange genug in unserer Litteratur gespukt.« Improved methods of 

investigations have taught us that they were creation of our imagination. And he 

continues (1. c. p. 24): »Wenn ich jetzt nach reiflicher Ueberlegung erklåre, dass 

die unipolaren Ganglienzellen denselben Weg wie die apolaren wandern werden, 

so muss ich fiirchten, augenblichlich noch dem energichsten Wiederspruch zu be- 

gegnen.« I agree with the author in the latter point, he will certainly meet 

opposition. Further on in the same paper he says (p. 29): »dass es der Natur der 

Ganglienzellen iberhaupt wiederspricht, als einzelnes Element nur eine Verbindung 

mit der Peripherie zu haben.« And: »Eine wirchlich unipolare Zelle ist fir den 

Organismus nicht viel mehr werth als eine apolare Zelle.« This is in my opinion å 

quite logic conclusion if we suppose that the common view of the nature of the gang- 

lion cells is correct. When now, however, unipolar ganglion cells actually exist, 

can that easily be supposed to be the fault of the ganglion cells? or is there not 

a possibility that our view of the nature of the ganglion cells is incorrect» We 

can not change the the reality according to our ideas but we can change our ideas 



But we must believe in it. We need, for instance, only go to the 

nervous systems of the lobster, and we shall be quite convinced of 

the existence of real unipolar cells. If those large ganglion cells of 

the lobster have several processes, it is strange that we should not 

be able to observe one of them by our present modes of investigation. 

We are thus obliged to reckon with real unipolar cells, indeed 

we are obliged to reckon with nervous systems containing almost 

entirely unipolar ganglion cells, and how could direct combination 

between the cells be present where there are no processes to pro- 

duce the combination. We thus see that also for that reason we 

are obliged to abandon the theory of the direct combination between 

the ganglion cells. 

Two questions which will now present themselves are: 

How is the combination between the ganglion cells produced? 

and what is the function of those processes which were previously 

thought to produce the direct combination between the cells? 

We will first examine the latter question. As before described, 

the processes of the ganglion cells are of two kinds: mervous pro- 

cesses and protoplasmic processes. Of nervous processes each cell 

(unipolar or multipolar) has always one and never more; the nervous 

processes are always directed towards the dotted substance, or in 

a few cases they may pass directly into peripheral nerves (cf. p. 143, 

note 1). It was not, however, these processes which were gener- 

ally supposed to produce the combination between the cells, but it 

was the protoplasmic processes. 

The protoplasmic processes. — When a ganglion cell is 

bipolar or multipolar, then the processes it posesses, besides the 

nervous process, are protoplasmic processes. These protoplasmic 

processes are not directed towards the dotted substance, but gener- 

ally have a peripheral direction towards the external layers of the 

central nervous system. In a great many cases I have been able 

to trace such processes just to their communication with the peri- 

according to the reality, some people can, at all events; as the mountain would 

not walk to Muhamed, Muhamed had to walk to the mountain. In chapter 7 we 

will have an opportunity to discuss this subject somewhat more circumstantially. 

(Regarding unipolar cells etc. vide also my dquotation from Rawitz's paper 

p- 66.) 

As subsequently may be seen, it is, in my opinion, of no importance as to 

the combination of the cells whether they are unipolar or not. I do not at all 

doubt the existence of the slender processes Fritsch describes in his ganglion 

cells from the ganglion gassert of Lophius, but I suppose them to be proto- 

plasmic processes, i. e. nutritive processes. 

IO 
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neurium enveloping the nervous system (e. g. vide fig. 50, ppr). 

In Patella I have even found ganglion cells with similar processes 

in peripheral nerves (e. g. vide fig. 20, ge, the nervous process 

of this cell is not distinctly seen in the illustration), Whether the 

protoplasmic processes, as a rule, extend to the perineurium, like 

what is the case in the spinal cord of Myxine (as will be sub- 

sequently described) I do not know, as they are generally lost in 

the neuroglia reticulation extending between the ganglion cells (e.g. 

vide fig. 47, 50, 71, 73). In the brain of the Ascidia, as well as in 

the nervous system of Patella, I have found bipolar and multipolar 

ganglion cells situated in the dotted substance, and sending their 

protoplasmic processes towards the periphery of the nervous system 

Like Prof. GOLGI I belive the function of the protoplasmic pro- 

cesses to be a mutritive one; when the ganglion cells can not get 

sufficient nutrition in their neigbourhood, they have to send processes 

towards the periphery of the nervous system, or out into the loose 

neuroglia reticulation, where there is sufficient nutritive fluid for the 

processes to absorb.') This is the reason why the protoplasmic pro- 

cesses have generally a peripheral direction, and why they chiefly 

occur in cells which are somewhat deeply situated in the nervous 

system, 1. e. at some distance from the periphery. The ganglion 

cells situated near the periphery do not need any special organs to 

absorb their nutrition from the fluid surrounding them, neither do 

the ganglion cells situated in a loose neuroglia-reticulation need any 

(compare the ganglion cells of the lobster). 

Though we have of course no proof of the real function of 

the protoplasmic processes, I think this theory of their nutritive 

function is very probable, and explains a great deal which, else, 

may seem inexplicable. What other function could we suppose them 

to have when they terminate under the perineurium, what they 

actually do, at all events, in åa great many cases?” — Indeed, I do 

not, at present, see any acceptable explanation besides this one 

suggested by GOLGI. Subsequently, we will have an opportunity to 

state some other facts which will still further add to its probability. 

The combination of the ganglion cells. — Having thus 

elucidated that no combination between the cells can be produced 

by the protoplasmic processes, and as it is very improbable that 

any combination between them can be produced by the neuro- 

glia, I suppose it to be most probable, if not certain, that if any 
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1) Where there are blood-vessels in the central nerve-system (e. g. in the 

Vertebrata) the protoplasmic processes can often be seen to be directed towards 

the connective tissue surrounding the blood-vessels. 



combination upon the whole exists between the ganglion cells, then 

this combination must be produced by the nervous processes. That 

such a combination can exist, with the dotted substance as a medium, 

we will easily understand when we think of the course of the nervous 

processes. As is previously mentioned, there may be drawn a 

distinction between two types of ganglion cells in respect of the 

course of their nervous processes; viz. I) ganglion cells with nervous 

processes which directly become merve-tubes and thus do not lose 

their individuality, though they have no isolated course but give off 

side-branches to the dotted substamce; 2) ganglion cells with nervous 

processes which lose their individualitty and by subdivisions are 

entirely broken up into slender branches, losing themselves in the 

dotted substance. Å 

We have, thus, slender branches given off to the dotted sub- 

stance, by both kinds of nervous processes. What is to prevent 

these branches standing in communication with each other, seeing 

that they are so intimately intermixed. Certainly, I have not been 

able to observe such åa communication, but seeing how very intricate 

pnesenstructures are, we neéd scarcely at present expect to do so. 

In fact, I do not see any objection which can justly be made to a 

combination existing between the ganglion cells by help of the nervous 

processes and their branches. Still, I do not lay much stress upon 

such a combination existing, or not existing, as in a subsequent 

chapter will be explained; the principal question, in my opinion, is, 

how is the combination between the nerve-tubes produced. 

5. The nervous elements of Amphioxus and Myxine. 

Though I propose to reserve the nervous systems of Amphioxus 

and Myxine for a future special memoir, I will, here, for the sake 

of comparison, make some remarks on the structure of their nervous 

elements. 

| Amphioxus lanceolatus. 

As is known from the descriptions of previous writers !) the 

spinal cord of Amphioxus has, along the centre, åa groove or 

canal extending from the dorsal side and surrounded by and epi- 

1) Owsjannikow (1. c. 1868) and Stieda (1. c. 1873) may especially be men- 
tioned. I regret to say that I have had no access to Stieda's paper; I only know 

it therefore from the abstract of it in Hofmann's and Schwalbe's Jahresb. d. 

fmat u. Phys. Bd. 2. 1875. 
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thelium of cylindrical cells, and outside this epithelium a limited 

number of ganglion cells (vide fig. 90). The rest of the spinal cord 

consists of white substance. 

The white substance and the nerve-tubes. — As is easily 

seen in transverse sections, the white substance of Amphioxus con- 

sists, chiefly, of longitudinal (partly also transverse) nerve-tubes, which 

in transverse sections are transsected and give the section the ap- 

pearance of containing a reticulation (vide fig. 90). Some of the 

longitudinal nerve-tubes are very large, and very much resemble, in 

their appearance, the large nerve-tubes which are, for instance, 

present in the ventral nerve-cord of Nereis. They are especially 

situated in the lateral ventral parts of the white substance (vide fig. 90). 

The large tubes, which OWSJANNIKOW has described as blood-vessels, 

are colossal nerve-tubes. There is one colossal nerve-tube running 

on the ventral side of the nerve-cord, just under the central canal 

(fig. 90, vnt). One colossal nerve-tube generally runs, laterally, in 

each side of the spinal cord (fig. 90, Int). These three nerve-tubes, 

especially the ventral one, are so far as my experiece goes, the 

largest ones existing in the nervous system of Amphioxus. 

The small nerve-tubes vary very much in size, and some of 

them have an extremely small diameter. 

There are no blood-vessels present in the spinal nerve-cord. 

The white substance is traversed by a great many radiating 

fibres, issuing from the cylindrical cells of the epithelium investing 

the central groove, and passing to the sheath enveloping the spinal 

cord, with which sheath they unite. 

The structure of the nerve-tubes. — The nerve-tubes have 

a structure, quite similar to what is found in the invertebrates we 

have before examined. They consist of a rather deeply staining 

sheath and a less staining contents. The sheaths are generally very 

thin. The contents consist of primitive tubes, quite similar to those 

which are, for instance, present in the nerve-tubes of Homarus. 

The primitive tubes may easily be seen in the large nerve-tubes 

(vide fig. 91); the spongioplasmic walls separating the tubes contain- 

ing hyaloplasm are here very distinct. 

The ganglion cells, — The ganglion cells occur rather spar- 

ingly. They are situated on both sides of the central groove outside 

the epithelium. Some ganglion cells are very large (vide fig. 90, ge) 

but generally they have a moderate size. They are usually multi- 

polar, have always only a single nervous process, the other processes 

are protoplasmic ones. The protoplasmic processes seem generally 
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to traverse the white substance and to extend to the envelope 

of the spinal cord. In a great many cases, I have been able to trace 

them to the external layers of the white substance (vide fig. 90, pp; 

92,pp). In some cases I even believe to have observed cells which send 

protoplasmic processes to the envelope on both sides of the spinal 

cord; fig. 90, ge represents such a case; though there is not quite 

complete continuation of the process in this section, it seems, how- 

ever, to be the same process which crosses the central canal, sub- 

dividing and sending its branches just to the external envelope on 

the other side. The relations of the protoplasmic processes seem, 

thus, to be the same in Amphioxus as are found in the other animals, 

examined, where such processes were present; viz. they are peripheric- 

ally directed (here traversing the white substance). If we assume that 

they have a nutritive function this is easily understood, because as 

there are no blood vessels present within the nerve-cord, the pro- 

cesses must penetrate to the external layers to absorb nutrition. 

I have not yet had sufficient opportunity to investigate the 

course of the nervous processes, and will therefore reserve them 

entirely for the future memorir. 

The protoplasm of the ganglion cells has, in sections, a 

reticular appearance, produced, as I suppose, principally by a trans- 

section of primitive tubes, composing the chief constituents of the 

protoplasm (vide fig. 92, ge). These tubes penetrate into both the 

protoplasmic and the nervous processes and form their contents, 

whilst giving them åa longitudinal striation. The protoplasmic pro- 

cesses have, however, a more granular appearance than the nervous 

processes. 

The ceylindrical cells of the epithelium investing the 

central groove (or canal) have, in their external extremities, pro- 

cesses which traverse the white substance, and unite with the enve- 

lope of the nerve-cord, as already mentioned. These fibres are partly 

united into bundles (vide fig.90), which apparently divide the longi- 

tudinal nerve-tubes into various columns. This division into columns 

is, however, only partial as the bundles do not form any continuous 

septa; they are only seen in some sections, whilst in other sections 

bundles of similar fibres may occur on other places. There are, 

however, some definite places where such bundles of fibres especi- 

ally occur; as some of the most prominent of these, two places, 

one on each side of the ventral colossal nerve-tube, may be men- 

tioned (fig. 90, ns, ns). 

I have often observed very strong fibres or even bundles of 
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fibres of this kind directed towards the nerve-roots, especially the 

dorsal ones, and penetrating into the nerves. 

It is obvious that the fibres, radiating from the epithelial cells 

of the central groove, and running between the longitudinal nerve- 

cord, have just the same significance as the neuroglia-fibres issuing 

from the neuroglia-cells of higher vertebrates. No such neuroglia- 

cells are found in Amphioxus as are, for instance, found in Myxine 

(vide sequel). We may, therefore, assume that, these epithelial cells 

are the real neuroglia-cells of Amphioxus, and that this newroglia 

represent the most primary state found amongst the Vertebrata. In 

the description of the neuroglia of Myxine we will have an oppor- 

tunity to return to this subject. 

Fibres are often seen crossing the central groove; these fibres 

seem partly to be neuroglia-fibres, partly nerve-tubes and, as we 

have seen, partly also processes from ganglion cells. 

As to the origin of the nerve-tubes of the ventral and dorsal 

nerve-roots, my investigations are yet in this respect very incomplete, 

and must be reserved for the furture paper. 

Myxine glutinosa. 

It is only the nervous elements of the spinal cord we will, here, 

describe. å 

The white substance. — On examination of transverse and 

longitudinal sections of the spinal nerve-cord of Myxine it is easily 

seen that the white substance chiefly consists of longitudinal nerve- 

tubes, which vary a great deal in size. The large tubes, the so- 

called »MÖLLER's nerve-fibres«, are especially situated on the ventral 

side. Between the large and largish tubes and through the whole 

white substance a multitude of very slender longitudinal nerve-tubes 

occur; the white substance has thus in well preserved transverse 

sections a reticular appearance (vide fig. 100) quite similar to that of 

a section through the dotted substance of the ventral nerve-cord of 

an invertebrate (e. g. Homarus and Nereis). Between each of these 

tubes a multitude of extremely slender tubes (neuroglia-fibres and 

branches from the protoplasmic processes of the ganglion cells) run 

transversally. These transverse fibres are not very distinctly seen 

in so well preserved sections as fig. 100; they are, however, very 

conspicuous in sections of preparations where the contents of the 

longitudinal tubes have shrunk in so much that the transsected tubes 

have the appearance of empty vacuoles, the white substance has 

here become very transparent (vide fig. 101). They run from the 
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grey substance and just to the periphery of the white substance 

(to the sheath of connective tissue). They seem to compose a signi- 

- ficant constituant of the white substance. Subsequently they will be 

more circumstantially described. 

The structure of the nerve-tubes is the same, in Myxine, 

as in the other animals examined. The mnerve-tubes consist of a 

distinct external sheath, and a contents containing spongioplasm and 

hyaloplasm. The external sheaths are rather thin (vide fig. 100). 

The contents of the nerve-tubes consist of primitive tubes. In 

the large nerve-tubes (MÖLLER's nerve-tubes), the primitive tubes are 

very distinctly seen (vide fig. 100, Int).') Upon the whole, itis striking 

how very much these MULLER s nerve-tubes resemble the large nerve- 

tubes of the lobster; in Myxine I have even observed å tendency 

to the formation of an axis along the centre of some larg tubes 

(vide fig. 100, Int”) somewhat similar to what is described of the large 

nerve-tubes of the lobster (vide p. 87). 

Medullated nerve-tubes are mot observed in the spinal cord 

of Myxine. 

The ganglion cells are situated in the grey substance; they 

are, as å rule, multipolar, have always one nervous process each, 

and generally several protoplasmic ones. 

The protoplasm of the ganglion cells has, in sections, always a 

minute reticular appearance, with spongioplasmic meshes containing 

a less-staining substance; the meshes are, to åa great extent, produ- 

1) I think it is very strange that previous authors have not seen the compo- 

sition of primitive tubes in the large nerve-tubes of the spinal cord of the fishes. 

In his description of the large mnerve-tubes in medulla oblongata of Lophius, 

Fritsch says (1. c. 1886, p. 22): »Der Faserlångsschnitt zeigt, dass die Fibrillen 

nicht regelmåssig parallel angeordnet sind, sondern sich vielfach durchflechten....« 

It is obvious, in my opinion, that Fritsch has seen the spongioplasmic walls of 

the transsected primitive tubes and has called them »Fibrillenc. 

Stilling has long time ago (l. c. 1855) decribed the contents of the nerve- 

tubes of the Vertebrata as consisting of slender tubes; he said himself in his 

paper that there would likely go a long time before anybody could state the cor- 

rectness of his observations, as it was only by help of new and very bigh powers 

of the microscope he had been able to obtain his results. Indeed, there has gone 

a long time; no other writer has since been able to see Stilling's »Elementar- 

nervenrörchen«. His observations were made too early. They were of cource, 

imperfect, as he had not the same lenses and modes of investigation as we 

have at precent; a great deal of what he has seen, has been artificial products 

(e. g. his description of the myeline of the medullated nerve-tubes) but he has 

said that the cylinder-axis consist of slender ,Elementarrörchen* and in this 

; point I do entirely agree with him. 
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ced by a transsections of the primitive tubes of which the proto- 

plasm chiefly consists. These primitive tubes extend into the pro- 

cesses and give them a longitudinally striated appearance, the dark 

lines of the striation being the spongioplasmic walls of the primi- 

tive tubes. 

In sections of a great many, especially large, ganglion cells, 

there are in the protoplasm circular or oblong lightly staining areas 

resembling vacuoles (vide fig. 96, v) which are very similar to 

those, previously mentioned, in the ganglion cells of Homarus 

(cf. p. 103 & fig. 25, 27). These areas are transseeedfbep 

lightly staining substance, probably bundles of primitive tubes, which 

circulate in the protoplasm and run into the processes. They are 

often obliquely or longitudinally transsected and produce then 

areas of an elongated shape (vide fig. 96,v). I have observed very 

similar tubes or bundles m the cells of the spinal ganglia of Myxine, 

as will be subsequently described, and I have also observed similar 

structures in the ganglion cells of higher vertebrates (Mammalia). 

It seems thus to be a relation of rather general nature, and it is 

therefore, in my opinion, strange that it has not previously been 

described. We know of course yet too little of these structures to 

attempt to say anything of their significance. 

The sheath enveloping the ganglion cells. — The gang- 

lion cells are always enveloped by a membran or sheath (vide fig. 

96, em), which also extends into the process and forms their sheaths 

(cf. fig. 96). This sheath is, I think, åa product of the mneuroglia, or 

has, at all events, the same origin as the latter. I have not, how- 

ever, hitherto been able to observe any nuclei situated in the sheath 

or adhering to it. Between this sheath and the protoplasm of the 

ganglion cells there is, generally, a cavity!) (fig. 96,a) filled with å 

loose, apparently reticular substance, which is extremy lightly stain- 

ing; this substance is somewhat delicate, and is seen in well pre- 

served sections only. 

The protoplasmic processes of the ganglion cells have al- 

ways a more or less peripheral direction; they subdivide, generally 

dichotomically a great many times, and the numerous extremely 

slender, branches resulting from these divisions run, between the 

longitudinal nerve-tubes of the white substance, towards the peri- 

phery of the spinal cord, where they terminate in small thickenings, 

1) It is probably the same cavities which are described by Key and Retzius 

(1. c. 1876) and which these authors supposes to be filled with lymphoid fluid. 

i 



or plates, just inside the sheath. The only methods which affords 

satisfactory staining of these processes is the chromo-silver method, 

but by its use I have been able to trace them to their extreme 

 terminations (vide fig. 94, ppr, 104—105). I have, however, also in 

å preparations stained with borax-carmine (fig.93) or stained according 

; to HEIDENHAINSs hæmatoxylin method (fig. 95) been able to trace 

4 the protoplasmic processes with their branches through the white 

— substance and very close towards its periphery if not entirely to 

Mithe external sheath. 

The same ganglion cell may have protoplasmic processes, the 

various branches of which penetrate to the periphery, both on the 

ventral side and on the dorsal side of the nerve-cord (vide fig. 93, 

95, 105, 1066). 

The slender protoplasmic processes and their branches resemble . 

the processes of the neuroglia-cells very much in their aspect and 

it is indeed extremely difficult to draw any distinction between them, 

Both have the same appearance, both come from the grey substance, 

and both traverse the white substance towards the periphery where both 

as a rule terminate under the sheath enveloping the spinal cord. In fig. 

109, a protoplasmic processes issues from the small ganglion cell gc, but 

this process can not be distinguished from the many neuroglia-fibres, f, 

in any respect but that it issues from a ganglion cell.') A difference is 

sometimes that the neuroglia-fibres have a straighter course more 

directly towards the periphery of the white substance than the pro- 

toplasmic processes have. I have found no constant and reliable 

difference in the chromo-silver staining of these processes similar to 

what GOLGI has stated as regards the neuroglia cells and proto- 

plasmic processes of the Mammalia, and what I also have had 

opportunity to observe myself in higher Vertebrata. Sometimes 

there was, however, also in Myæine a tendency towards a more red- 

dish staining of the processes of the neuroglia cells. 

The branches of the protoplasmic processes of ome cell do mot 

anastomose, meither do the processes from various cells anastomose. 

Though I have examined a considerable number of preparations, 

and although they have been most perfectly stained, in this respect, 

I have not yet observed a single case of indubitable anastomosis 

between protoplasmic processes.*) I believe, thus, that I am entitled 

peVide also fig. 93,96,- 

?) In my previous paper on Myxine (l. c. 1886) I have mentioned one 

case from the brain where I was in doubt whether there was an anastomosis or 

not. The more [ have examined this preparation, the more do I doubt that an 
% 
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to affirm that a direct combination between the ganglion cells, by direet 

anastomosis of the protoplasmic processes does mot exist. 

A thing which I take to be rather puzzling is, that processes 

which in their aspect can not be distinguished from common pro- 

toplasmic processes, are often seen to pass towards the periphery 

of the nerve-cord; arrived there, they do not, however, terminate, 

but run along the periphery and partly back into the white sub- 

stance (vide fig. 102, pr, bry) I have not found the terminations of such 

processes. Some other processes, with quite similar aspect, may 

be traced for very long distances, even crossing the ventral com- 

missures and passing over into the other side of the spinal nerve- 

cord (vide fig. 102, br. A great many processes which I have 

observed to have a similar course are, near their origin in the cell, 

very thick and large, and they give off branches which terminate 

in the periphery, under the sheath, quite in the same way as 

common protoplasmic processes, whilst at the same time, the main 

stem of the process runs along, and takes a course as above de- 

scribed (vide fig. 93, mp and 94, mp). It has been possible to trace 

similar processes not only in chromo-silver stained preparations but 

I have also traced them for considerable distances in preparations 

stained with carmine or HEIDENHAINS hæmatoxylin only (vide fig. 

93 and 95). If, now, these processes are protoplasmic processes, 

and 1f the protoplasmic processes have a nutritive function, which 

makes it necessary for them to terminate under the sheath enve- 

loping the spinal cord, it is, indeed, very difficult to understand why 

they pass through the nervous system for so long distances without 

terminating; why they pass to the other side; and why they do not 

terminate, but return again, when they are in the periphery* These 

are questions of so serious a nature that they oblige us to assume 

that either these processes are not wholly protoplasmic processes 

though they have their aspect, or that the function of the proto- 

plasmic processes is not only a nutritive one. I will not decide 

between these alternatives at present, though I find the former one 

most probable. It can not be doubted, in my opinion, that some 

anastomosis is really present. If there is an anastomosis, however, it may be ac- 

counted for as a remnant of a cell-division not yet finished, as the bridge between 

the cells is very thick and short. 

Mr. W. S. Colman (1. c. 1884) has actually observed anastomoses of ganglion 

cells in the spinal cord of a human foetus; but there is, in my opinion, little doubt 

but that they are results cf divisions of ganglion cells; in two of the cells there 

were even two nuclei, what obviously indicates that the cells are dividing. 

y i 



of the branches given off from these processes are protoplasmic 

 branches, as they have the same appearance and course and actually 

terminate under the external sheath in a way entirely similar to that of 

common protoplasmic processes (as also neuroglia-fibres, vide sequel). 

1 Could it be possible that these processes are mixed protoplasmic 

— nervous processes? GOLGI has described and illustrated nervous 

processes issuing from protoplasmic processes near their origin in 

the cell (videl.c. 1885). It may be, that these structures in Myxine 

are processes of a still more mixed nature. More complete observa- 

tions on the course and termination of the main branch of these 

processes are necessary to decide in this question. I can not omit 

to state that it has not been possible to find any other processes 

which looked like nervous processes and which issued from the 

same cells as the »mixed processesa, described above. 

The nervous processes. — My observations on the nervous 

processes are yet very scanty. The chromo-silver staining is the 

only one which can tell us anything, with certainty about the 

course of these processes, and upto this time it has been exceedingly 

difficult to get any perfect staining of them. They have a smooth 

and less granular aspect than the protoplasmic process. The slender 

branches have generally at certain intervals varioceles (vide fig. 103, 104). 

From what little I have seen it is probable that in Myxine 

there are also two forms of nervous processes, viz.: 

I) Nervous processes, which do not lose their individuality, as 

they are directly transformed into nerve-tubes; they have, however, 

no isolated course, as they give off slender side-branches. Fig. 103, gc, 

represents a ganglion cell with such å nervous process. The process 

has often varicose thickenings at the origin of the side-branches. 

Processes which have no side-branches, but sometimes varicose thicken- 

ings at certain distances, are also seen (vide fig. 94, gc, 963), I think, 

however, that the absence ot side-branches issuing from the thicke- 

nings is only owing to imperfect staining. Nervous processes of 

this kind are often seen to pass through one of the commissures 

and over into the other side of the spinal cord (fig. 94)." 

2) Nervous processes Which lose their individuality and are en- 

tirely broken up into slender branches. Fig. 103, 903 and 104 represent 

ganglion cells with such processes. In their slender parts the branches 

1) In fig. 103,90» is seen a ganglion cell with a process which crosses the 

commissure and which could be traced for some distance over into the other side; 

this process had the aspect characteristic for protoplasmic processes, but judging 

from its course I think it is a nervous process. At åa a branch was given off. 
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of these processes have, generally, varicose thickenings at each places 

where they subdivide. They have, generally, also a great many 

varioceles where no side-branches are seen, I suppose, however, this 

is only owing to an imperfect staining, and that side-branches are 

given off at each variocele. 

The branches of the nervous processes do mot anasto- 

mose. — They contribute to form a reticulation, or rather interlacing 

of nervous fibrillæ which extends through the grey substance, and 

which also seems to extend into the white substance. 

The origin of the peripheral nerve-tubes. — In horisontal 

sections of successfull chromo-silver stained preparations of the 

spinal cord, it is easy to observe that, the merve-tubes of the 

dorsal (posterior) merve-roots') subdivide dichotomically, just after 

their entrance into the spinal cord; some of them subdivide even 

before they have reached the cord (vide fig. IIT,a). 

As far as my experience goes I dare to say that all nerve-tubes 

subdivide, it has in my opinion therefore, only been optical illusions 

which have occasioned previous outhors (e.g. RANSOM & THOMPSON 

[. c. 1886] and others) to state that, they have observed some of 

these nerve-tubes to originate directly from ganglion cells; these 

authors will, I hope, forgive me this denial of their statements, when 

I tell them that such an illusion has once deceived myself, before 

I obtained perfect chromo-silver stained prepations (cf. my previous 

paper 1. c. 1886). The fibres which I at that time observed (and 

which probably the other authors have also seen) were neuroglia- 

fibres issuing from neuroglia-cells in the grey substance and inter- 

mixing with the nerve-tubes of the dorsal nerve-roots (vide fig. 93, f.) 

The two branches resulting from the dichotomical subdivi- 

sions of the nerve-tubes separate, and run in! opposite directions, 

longitudinally, along the spinal cord, I have been able to trace 

these branches for considerable distances along the cord but, as 

a rule, I have found no new subdivisions; neither have I seen 

them passing over to the other side of the spinal cord. In a very 

few cases, I belive to have seen very slender side-branches to be 

given off (vide fig. 112, br). My investigations on this subject are very 

far from being finished, and I hope yet to be able to make im- 

portant observations in this respect. From what is already observed, 

1) It may be noticed that in my previous paper (1. c. 1886) there is in the 

English translation (Ann. mag. nat. hist. 1886) printed »dorsal nerve-rods« and 

»ventral nerve-rods« instead of dorsal nerve-roots and ventral nerve-roots. 



I am, however, at all events, entitled to say that, the merve-tubes 

of the dorsal (posterior) merve-roots have no direct origin from gang- 

lion cells. 

The nerve-tubes of the ventral (anterior) nerve-roots 

do mot subdivide after they have entered the spinal nerve- 

cord, according to my observations. I have been able to trace 

them for considerable distances into the nerve-cord, in chromo-silver 

Stamed preparations (vide fig. 105) as well as in carmine and 

hæmatoxylin preparations (vide fig. 93 and 95) but no subdivisions 

have been discovered, though the tubes are thick and easy to ob- 

serve; slender side-branches are, however, given off (vide fig. 93, nbr; 

105, sbr). 

In a few cases only have I been able to trace their direct com- 

bination with ganglion cells (vide fig. 106) and the tubes which in 

these cases had a direct combination were comparatively very thin. 

From what is seen, there can, however, be no objection to the 

assumption, that all the nerve-tubes of the ventral nerve-roots are 

directly connected with ganglion cells, indeed, I think this is all but 

certain, seeing that these tubes have no subdivisions; but it is pro- 

bable that the thick ones pass for some distance through the white 

and grey substance before they united with the cells. Å great 

many of them seem to pass over into the other side of the spinal 

cord crossing the ventral transverse commissure. 

I will not omit to mention a section which I once obtained 

of a chromo-silver stained preparation. Å part of this section is 

illustrated in fig. 102 which is drawn under the camera lucida and 

Is an exact representation of what was seen in the preparation. 

The nervous process (mpr,) or perhaps »mixed process« (cf. above) 

issuing from the ganglion cell gc, is seen to give off a thick branch 

(0r,), which passes towards the ventral (anterior) nerve-root (vnr). 

This branch becomes very thin towards the periphery of the white 

substance and can not be traced entirely into the ventral nerve-root, 

though there only wants an extremely short distance. Whether 

this branch was really connected with the ventral nerve-root (was 

transformed into a peripheral nerve-tube), and it was only owing to 

an incomplete staining that it could not be traced into the nerve- 

root was very difficult to decide. In its whole appearance this branch 

was not at all like common protoplasmic branches, which I certainly 

very often have observed to be directed towards the nerve-roots 

(vide fig. 105, ppr; 109, ppr; 93, 96), but it had that smooth and black 

Staining which is caracteristic for nervous processes. What is strange 
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IS, that in the same section (which was somewhat thick) I observed 

two similar processes (consequently from other cells) running parallel 

to this one, situated one over the other and giving off quite similar 

0” 

processes at the same place and towards the same nerve-root. I have 

drawn only one of these processes (mpr,) in the illustrations in order 

not to make it too complicated. These 3 processes were thus 

situated that they quite covered each other vertically; in the illustra- 

tion I was obliged, of course, to draw them running beside each 

other. Similar instances of processes running quite the same way, 

one over the other on the border between the grey and the white 

substance and giving off branches at certain places are not rare in 

the spinal cord of Myxine. 

The longitudinal nerve-tubes of the spinal cord. — I 

have observed side-branches to be given off from many of the 

nerve-tubes running longitudinally in the spinal cord (vide fig 

III, mt'; 112, mt'). Some longitudinal nerve-tubes are also, by sub 

divisions, broken up into slender fibrillæ (vide fig. III, smt; I12, smi) 

whether these tubes are nerve-tubes coming from other parts of the 

central nervous system, or they are only branches coming from 

some dorsal nerve-roots, I can not decide. In some instances I saw 

them cross the transverse commissure and pass over into the other 

side of the nerve-cord (vide fig. III, sml'). 

The neuroglia. — Neuroglia-cells are situated in great abun- 

dance in the grey substance of Myxine. Their nuclei are smaller 

than those of the ganglion cells, have a circular or ovate form, and å 

somewhat granular appearance. The neuroglia cells have often many 

processes (fig. 103, muc,, nuc,).1) These processes do not subdivide much 

but, like the protoplasmic processes, the traverse the white substance to 

its periphery, and terminate there under sheath enveloping the 

spinal cord (vide fig. 95,7). The course of the processes is parti- 

cularly easy to study, in successful chromo-silver stained sections 

where they are seen in great abundance as black, or reddish black, 

fibres, passing from the grey substance to the periphery, everywhere, 

through the white substance. The same neuroglia cells sends often, 

at the same time, processes to the dorsal side as well as to the 

ventral side of the spinal cord (fig, 103, muc,, nu). The processes 

of the neuroglia cells can, however, easily be traced also in section 

1) It may be that in muc, and nuC, several neuroglia-cells, situated close 

together, have been stained in one body; seeing, however, that the many processes 

issue from so comparatively very small spaces I think it to be not improbable that 

Å 

we have here single cells (at all events in mucl. 
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-stained with carmine or hæmatoxylin') (HEIDENHAIN's hæmatoxylin- 

staining can especially be recommended). Fig. 101 will probably 

give a good impression of in what multitudes they occur in the 

white substance. 

The processes of the neuroglia cells do not anastomose, 

neither those from the same cells, nor those from different cells. 

Though I have, for instance, seen so many processes issuing close 

fø each other as is illustrated in fig. 108% yet I have not found åa 

single amnastomosis. In sections, stained, for instance, with HEIDEN- 

HAIN's hæmatoxylin (fig. 101), it is seen, as, above mentioned, that there, 

between the longitudinal nerve-tubes of the white substance, runs a 

multitude of slender fibres in every direction, but meither, here, are 

anastomoses found. The chief part of these fibres, running between 

the nerve-tubes, are neuroglia fibres coming from the neuroglia cells 

and penetrating to the periphery, but some of them are, also, as 

we have seen, branches of protoplasmic processes coming from the 

ganglion cells, and finally some fibres are branches from the nervous 

processes. It is, generally, in sections, stained in the common way 

(i. &. carmine, hæmatoxylin etc.), exceedingly difficult to draw any 

distinction between these various kinds of fibres or tubes. 

The cells of the epithelium surrounding the central 

canal resemble, in their appearance, very much, the neuroglia cells, 

their nuclei have, to some extent, the form and appearance of common 

meuroglia nuclei. At their exterior extremities, these cells have pro- 

cesses which penetrate, at all events to a great extent, to the periphery 

of the spinal cord on the dorsal side, as well as on the ventral one 

(vide fig. 93,95, 103); these processes are, consequently, quite like 

those of the neuroglia cells. Some processes from these cells have a 

more lateral direction into the grey substance (vide fig. 94, cec; 102, pec) 

fnave not been able to trace these processes to their extremitie .9) 

1) Vide what is said of that p. 1352. 

?) In this preparation I think it is probable that some cells have been stained 

at one and same time and have acquired an appearance as if they were one cell. 

The illustration is drawn to nature as exactly as possible, and it may be seen that 

there are several irregularities in the staining of the mesial part. Similar prepara- 

tions are very often obtained. 

3) In the spinal cord of higher fishes (Teleostii), I have also by chromo-silver 

Staining been able to trace the processes of the epithelial cells of the ventral canal 

through the white substance and just to its periphery where they terminate or unite 

with the sheath. As regards the processes of these central epithelial cells in higher 

Vertebrata I will refer the reader to G'olgs observations (Sulla fina etc., vide list of 

Literature 1885) he has in the spinal cord of the chicken observed similar processes 

II 
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The cells situated in the grey substance just outside the epi- 

thelial cells, are quite like the latter. They are elongated at their 

interior extremities, and penetrate between the epithelial cells to 

the central canal (if they cary cillia, like the latter, Meæninet 

decide); at their exterior extremities they have processes wich pe- 

netrate to the surface of the spinal cord, like those from the epi- 

thelial cells. These cells represent, consequently, a kind of tran- 

sition-stage between the common neuroglia cells and the epithelial 

cells surrounding the central canal; indeed, in the many layers of 

such cells surrounding the epithelium of the canal, we can find 

all possible transition-stages. When we, now, consider that in 

Amphioxus the neuroglia principally consists of epithelial cells (we do 

not, here, refer to the sheaths surrounding the nerve-tubes etc.) and 

there is every reason to believe that this is åa primary state from 

which the conditions found in Myxine are developed, I think we 

are fully entitled to say, that the meuroglia cells have an ectodermal 

origin, and spring from the epithelial cells of the central canal or we 

may rather say the central groove." 

The nerve-cells of the spinal ganglia. — Before we leave 

the nervous system of Myxine I will make some remarks on the 

structure of the spinal ganglion cells, as I think, they exhibit relations 

which in several respects are of great interest for the subjects treated 

of in this paper. Upon the whole the spinal ganglion cells reminds 

in their structure very much of the ganglion cells of the central 

nervous system of many invertebrates, and, amongst those we have 

here examined, especialy the large unipolar cells of Homarus vulgaris. 

They represent obviously a less developed stage than that of the 

ganglion cells of the spinal cord. 

traversing the white substance (vide 1. c. p. 179). Regarding these processes 

in higher Vertebrata I vill also refer the reader to the various memoirs by Amshie 

Hollis (1. c. 1883), Leydig (Zelle und Gewebe 1885 p. 189), Rabl-Rickhard 

(1. c. 1883), Reissner (1. c. 1864), John Dean (0. c. 1863) and others. 

1) I think it is most probable that the neuroglia cells of the invertebrates 

have, also, an ectodermal origin. This may, for instance, easily be seen in Nereis, 

where the ventral nerve-cord is not yet fully separated from the ectoderm. It is, 

here, even difficult to see any difference between the neuroglia and the ectodermal 

cells, and it is in many cases impossible to draw any distinct line between the 

cells enveloping the nerve-cord, and thé ectodermal cells situated outside them 

(vide fig. 14). I have, here, only considered what we may infer from the mnervous 

system of full grown specimens. In examination of the embryological development 

of the nervous system, the ectodermal origin of the neuroglia will be still more 

evident; on that subject the reader may be referred to the recent paper by Kleinen- 

berg on the embryologie of the Annelides (Zeitschr. f. wiss. Zool. 1886). 
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Fig. 97, 98 and 99 represent sections through various spinal 

nerve-cells stained with carmine. Their sheaths are in sections rather 

conspicuous, and there is, generally, several nuclei situated inside 

(and also outside) them (vide fig.97,%n; 98,n; 99,m). These sheaths 

and their nuclei resemble very much the sheaths and nuclei of the 

ganglion cells of Homarus. The nuclei are not, however, present in 

such number in the latter as the sometimes are in the spinal cells. 

The structure of the protoplasm of the spinal nerve-cells is 

very similar to that of the protoplasm of the common ganglion cells. 

The lightly staining areas (transsected tubes) are also present in 

sections of this protoplasm, but they are perhaps still more distinctly 

prominent and frequently arranged in defined groups. Sometimes 

they are, in sections, present on two sides of the nuclei in the 

elongated cells (fig.97), somitimes they are present only in one side 

of the cells (fig. 98,99). On careful examination of successful sections 

it becomes quite evident that these lightly staining areas are trans- 

sected tubes, or perhaps bundles of primitive tubes. These tubes or 

bundles have generally, when the cells are bipolar or elongated, åa 

longitudinal course through the protoplasm of the cells, and they 

are often logitudinally transsected (fig. 98,v). What these tubes or 

bundles are is not easy to say, my observations are still too imper- 

fect. In sections of cells where the processes are longitudinally trans- 

Bected in their origin, it is, however, frequently seen that these 

tubes or bundles run towards the origin of the processes (vide fig. 98). 

I think it is probable that they constitute the process in a way Si- 

milar to what the bundles of primitive tubes do in the ganglion cells 

of Homarus (cf. p. 103). In the bipolar cells it is possible that the 

contents of the nerve-tube, entering a cell at one end, is broken up 

into such bundles of primitive tubes which traverse the protoplasm 

longitudinally and re-unite at the other end to form the peripheral 

nerve-tube quitting the cell here. As is already known from FREUD's 

paper (l. c. 1878) there exist unipolar and bipolar ganglion cells in 

the spinal ganglion of Petromyzom, and in this respect as in others 

they resemble those of Myxine. 

Knthe Inerve-cells of the spinal ganglia of the frog, M. V. 

LENHOSSEK has described »eine seichte, aber breite durch sharfe 

Rånder begrenzte, tellerförmige Vertiefung, whelche durch 2—3 

rundliche, bisher unbekannte Zellen beinahe vollståndig ausgefullt wird 

(I. c€. 1886 p. 450). This »Vertiefung« was situated in the surface 

of the cells near the origin of their processes. In some spinal cells of 

— Myzine I have observed structures which seem to be very like these. 

ae 
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Fig. 99 represents a cell with a such structure. The light circular 

area x is very distinctly defined. There is åa very long nucleus (MN), 

with some protuberances, situated in one side of this area, in the 

centre there is another somewhat lighter corpuscle (N”) which is perhaps 

also åa nucleus. I could, however, see no cells må AeGe 

whether it is one cell or contains several cells or what it is, I can 

not decide. 

The nuclei of the spinal nerve-cells are large and exhibit gener- 

ally a distinct chromatin reticulation. 

On comparing the main characters in the structure of the 

nervous elements of these two vertebrates (Amphioxus and Myxine) 

with what is previously described in this paper, we will see that there is 

the most perfect correspondence in this respect between the inverte- 

brated bilaterates and these inferior vertebrates. But as we can 

not easily suppose that their is any principal difference between 

them and higher vertebrata in these respects, we may thus assume 

that the principal results arrived at in this paper are applicable to 

all bilaterates. In å future paper I hope to be able to pay åa more 

special attention to the nervous elements of the vertebrata. 

6. The combination of the nerve-tubes with each other. 

A question of much interest arises, viz. how is the combination, 

between the nerve-tubes produced, or rather how is the impression 

received by a sensitive nerve-tube conveyed to a motoric one. To 

express it in another way me may say, which elements has an 

irritation of a sensitive nerve-tube to pass, to produce a reflex- 

movement? | 

A very common theory is, as Is well-known, that an irritation 

of a sensitive nerve-tube passes to a »sensitive« ganglion cell, then, 

from this cell, through åa protoplasmic process to a motoric ganglion 

cell, and from that cell it passes into åa motoric nerve-tubellig 

produce a reflex-movement. In a previous chapter (ch. 4, p. 148), 

it is, I hope, suficiently proved, that in the invertebrated bilaterates 

there is no direct combination between the ganglion cells through 

the protoplasmic processes, neither is there in Myæine (as we have 

seen in the previous chapter); the above quoted theory of the 

1 
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course of an irritation producing a reflex-movement is therefore for 

this reason alone not maintainable. 

Before we enter into the inquiry of how åa combination between 

the nerve-tubes is produced, we will examine if there is any mor- 

phological difference to be observed between motoric nerve-tubes 

and sensitive nerve-tubes. 

Ås is above stated the nerve-tubes of the dorsal (posterior) 

nerve-roots of the spinal cord of Myxime subdivide, immediately 

after their entrance into the nerve-cord and thus lose their individu- 

ality, whilst the nerve-tubes of the ventral (anterior) nerve-roots 

retain their individuality and seem to spring directly from ganglion 

cells, whilst giving off slender side-branches. 

I have also observed similar conditions in the spinal cord of 

mehervertebrata. I have even been able to obtain here more 

complete observations on the subdivisions of the nerve-tubes of the 

posterior nerve-roots. 

My observations fully agree therefore with those of Prof. C. 

GOLGI in this respect; and as GOLGI says, I think we are entitled 

to assume that, in the spinal merve-cord, the sensitive mnerve-tubes 

arise from a junction of slender mervous fibrillæ, whilst the motorie 

nerve-tubes are direct continuations of nervous processes (from gang- 

lion cells) which however give off slender side-bramches. If this is 

correct the opposite conclusion seems, also, to be admissible, at 

All évents to a certain extent, viz. that nerve-tubes arising from a 

junction of nervous fibrillæ are sensitive merve-tubes, whilst nerve- 

tubes springing directly from ganglion cells are motorie nerve-tubes. 

In the brain of the vertebrata, we find nerve-tubes originating in 

both ways, and hence, I think, there, is every reason to believe 

that the same morphological differences between motoric and sensi- 

tive nerve-tubes are there present. 

Having now settled what morphological difference there appears 

between the origin of sensitive and motoric nerve-tubes in verte- 

brata, and seeing that in invertebrata quite a similar difference is 

present in the modes of origin of two kinds of nerve-tubes, I think 

we are entitled to conclude further: that in the nervous system of 

the invertebrated bilaterata there is the same morphological diffe- 

rence between the origin of the sensitive and the motoric nerve- 

tubes, as is found in vertebrata; viz. the sensitive nerve-tubes arise 

from a junction of nervous fibrillæ, whilst the motoric nerve-tubes 

spring directly from ganglion cells. 

Arrived at this conclusion, we will now consider the question, 



— 166 — 

how is an impression, probably, conweyed from a sensitive nerve- 

tube, to a motoric one? As it is chiefly the invertebrated bilaterata 

which have been treated of in this paper, we will also in the present 

inqiury principally confine our remarks to the consideration of their 

nervous system only. 

As is above seen, the sensitive nerve-tube probably subdivides, 

and is broken up into slender branches, after its entrance into the 

dotted substance, it is, thus, not very probable, that an irritation of 

such a nerve-tube should be conweyed to one ganglion cell only, 

it would then be necessary that all the branches of a sensitive 

nerve-tube should unite again to form the nervous process of a 

ganglion cell (sensitive ganglion cell). 

According to what is before stated of the combination of the 

ganglion cells it will be obvious that: to be forwarded to a motoric 

cell, the irritation would necessarily after its arrival in the sensitive 

ganglion cell have to return through the same nervous process, to 

pass over through some other branches of the process into the 

nervous process of a motoric cell; arrived in the motofeeell 

had then to return through the same process and finally pass into 

the centrifugal nerve-tube, to produce the reflex movemerd 

needs no further discussion to see that this would be a highly 

artificial and complicated explanation of the course of an irritation, 

from a centripetal to a centrifugal nerve-tube. For one(tmnsjife 

not, in my opinion, admissible to assume that all the branches 

arising from the subdivisions of a sensitive tube should re-unite to 

constitute the, nervous process of a sensitive ganglion cell; why 

then does the subdivision of the nerve-tube exist, why does not the 

nerve-tube pass undivided to the cell?” For another thing, I do not 

think it admissible that the same irritation should pass and return 

through the same nervous processes. 

In my opinion, it is a much more probable assumption that 

the irritation does not at all pass through any ganglion cells, but that 

after its arrival in the dotted substance, through subdivisions of 

the centripetal nerve-tube, it is at once carried on, into one or several 

centrifugal nerve-tubes by the slender side-bramches or fibrillæ joiming 

them. How the combination between the branches of the centri- 

petal nerve-tubes and the side-branches of the centrifugal nerve-tubes 

is produced in the dotted substance, can not at present be defined; 

I can not, however, see any objection to the assumption that it 

does exist. 
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According to the above conclusion, we may thus illustrate a 

reflex-curve (i. e&. the way an irritation of a centripetal nerve-tube 

has to pass to arrive in a centrifugal nerve-tube and produce a 

reflex-movement) as in the diagrame fig. 113, the large arrows indicate 

the course of an irritation producing a reflex-movement. The 

reflex-curve is, consequently, composed of the following constituents: 

I) centripetal (sensitive) nerve-tube; 2) the central web or interlacing 

of mervous fibrillæ or tubes (fig. 113, d); 3) the centrifugal (motoric) 

nerve-tube. 

This theory will necessarily give a new view of the functions 

of the central element; but it will, I think, explain å great many 

relations which have been rather difficult to understand. The dotted 

substance (the interlacing of nervous fibrillæ) must be a principal seat 

of the nervous activity, through this substance or interlacing is the re- 

flex-actions etc. communicated to the consciousness, which even pos- 

sibly has its seat in this substance itself (especially that of the brain). 

According to this view there can of course, to some extent, be å 

localisation in the central nerve-system but mo isolation. This view will 

also I think possibly be able to explain the fact that other parts of 

the brain can take up the function of lost parts. This is not, how- 

ever, the place to enter into such physiological details, we have 

especially taken up the histological side of the question and in this 

respect we can state, as a fact, that a plaiting or interlacing (not 

reticulation) of nervous fibrillæ extends through the whole central 

nervous system of all animals (which posses a central nervous Sy- 

stem) and that probably all peripheral nerve-tubes, entering into or 

issuing from the central nervous system, are connected with this 

central fibrillar interlacing by branches. We will then ask the phy- 

siologists if it is not probable that it is this interlacing of nervous 

fibrillæ (or tubes) which especially produces the feeling of unity in 

the nervous system, in other words that it is the principal seat of 

self-consciousness? 

7. The function of the ganglion cells. 

A great many physiologists will probably object, that if this is 

correct, what functions have, then, the ganglion cells? 

I have thought of this, and am fully aware that if the proposed 

theory of the elements of the reflex-curve is approved, it will cause 

the common theory of the function of the ganglion cells to totter. 
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The reflex-actions are, as is well known, probably, the primary 

state or the starting point of a great many, if not all, actions (volun- 

tary or unvoluntary.) 

And if reflex movements are produced without direct help of 

the ganglion cells, then there are certainly a great many actions 

which can be produced without any direct assistance from these cells. 

In the same way as above, me may also assume that an 

impression or irritation is conweyed from one part of the central 

nervous system to another, e. g. from the ventral (or spinal) nerve- 

cord to the brain, or vice versa, without any passage through 

ganglion cells; an irritation producing a voluntary action may, thus, 

be conweyed from the brain and into the centrifugal nerve-tubes, 

passing to the active limb, without passing any ganglion cells on the 

way, or without any direct action of the ganglion cells of the ven- 

tral (or spinal) nerve-cord, or of the motoric centre of the limb. 

It is not in our present state of knowledge possible to predict the 

extent of the influence this theory, If approved, will have an our 

ideas about the function of the nervous system. I will, therefore, 

by no means attempt to trace it here, but will subsepuently return 

to the ganglion cells, and examine what functions there may be 

left for them, for certainly we cannot one moment doubt that they 

are of great importance to the nervous system. 

A function which I suppose they have, and which certainly is 

a very important one, Is to serve as nutritive centres of this nerve- 

tubes and fibrillæ originating in them. We have, before, seen, that 

the protoplasmic processes have probably a nutritive function and 

absorb nutrition, for the cell, in the periphery of the ganglia (or nerve- 

cords) or near the walls of the blood-vessels; now, I think it is probable 

that this nutrition is not meant to be for the cell only, but that it is 

assimilated by the protoplasm of the cell (the nucleus has probably 

an important function in this respect) and is, in a suitable form, 

carried on into the primitive tubes of the nervous processes; in 

other words, the ganglion cells are the nutritive centres of the ner- 

vous processes, and then probably also of the branches and nerve- 

tubes arising from these processes.') We know of what great impor- 

tance nutrition is for the nervous system; it is very peculiar, In 

1) Those ganglion cells, from which the motoric nerve-tubes directly issue, 

are the nutritive centres of these tubes; whilst those ganglion cells, the nervous 

process of whicb are entirely broken up into slender branches, are the nutritive 

centres of these branches (which contribute to the formation of the dotted substance). 
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this respect, and it is well known that a few moments want of nutrition 

for the brain is enough to disorder the nerve-system and produce 

| unconsciousness in man. The nutrition is certainly not a function of 

too insufficient importance to explain the extension the ganglion 

* cells have in the central nervous system. 

That the ganglion cells of the spinal ganglia have aåa 

nutritive function is in my opinion vere probable. As the nerve- 

tubes of the dorsal (posterior) nerve-roots have got no special nu- 

tritive centres in the central nerve-system (as they dö not originate 

directly from cells) they have got them in special ganglia outside 

the central nerve-system. In Myxime the spinal nerve-cells are uni- 

polar or bipolar. The processes of the umipolar cells subdivide di- 

chotomically in åa T and sead one branch peripherically and one 

centrally (cf. FREUD's investigations 1. c. 1878). In my opinion the 

cell is the nutritive centre of both these branches, but is of no di- 

rect importance for their sensitive function; the irritation of the peri- 

pheral branch can not pass through the cell (as it then must pass 

and return through the same process) but passes directly into the 

centripetal branch at the subdivision in T of the process. In the 

bipolar cells the irritation of the peripheral part of the nerve-tube 

must certainly pass through the cell to come into the centripetal part; 

Min so far it is no objection that the bipolar cell may be of direct 

importance for the sesitive function of the nerve-tubes. But the fact 

only that in the same ganglion, ”umipolar cells are present and are 

united with quite similar nerve-tubes must be enough to make us 

doubtful in this respect. If the unipolar cells have a nutritive func- 

tion only, it must be probable that the bipolar cells have the same 

function; indeed, seeing that in higher verterbrata the spinal ganglia 

 consist exclusively of unipolar cells (notwithstanding the slender 

protoplasmic processes described by FritscH (l. c. 1886) which 

processes I suppose to be mnutritive processes, cf. above p. 146, 

note I), I think that this must be quite certain. There are also ap- 

pearances in the structure of the bipolar cells, which, as we have 

before seen, indicates that the contents of the processes to some 

extent pass through the protoplasm of the celis without intermixing 

with it (compare the description of the protoplasm of these cells 

p. 163). 

We arrive thus at the conclusion that all the merve-cells of the 

spinal ganglia have a nutritive function only. They are probaly of 

a similar importance for the sensitive (centripetal) nerve-tubes as the 

»motoric« ganglion cells (i. e. the cells from which the motoric 



nerve-tubes spring) are for the motoric (centrifugal) nerve-tubes, the 

difference is that the former are situated outside the central nervous 

system and have got. a simple shape without many prosesses, pro- 

bably because they can easily get their nutrition without special 

organs; whilst the latter are situated in the central nervous system 

and need generally many and long processes to reach the blood- 

vessels or the periphery of the nervous organs and there obtain 

sufficient nutrition for the cell and its nervous process. 

From the recent works by my much estimated friend ADOLF 

DOnops ke res ese) 1886) (cf. also the previous papers by 

MARSHALL, 1. c. 1877; BALFOUR, 1. c. 1876 &:18777 Heen 

1876, SCHENK, I. c. 1876) we have learnt that the spinal ganglia 

spring from the spinal cord. We are thus entitled to say there is 

no principal difference between the gangliom cells of the nervous 

system and those of the spinal ganglia, they have the same origin 

and the same function but they have got a different situation and 

differ therefore also in shape, some are unipolar whilst other are bi- 

polar, and even multipolar, which, however, does not make any diffe- 

rence in their function. 

I have not yet had opportunity to examine in invertebrates how 

the relations are as to the nutritive centres of those nerve-tubes 

which spring from the dotted substance by a union of slender tubes. 

Whether the ganglion cells which I have found in the peripheral 

nerves of various animals (cf. my paper on Mysostoma 1885 p. 31 

& 74 and this paper p. I41 & 143, note 2) are of importareaf 

this respect I can not decide at present, it is, at aljéventsnnr 

impossible. In the peripheral nerves of Patella I have, as mentioned 

p. 141 found ganglion cells which had even protoplasmic processes 

(Gene org: 

Whether the ganglion cells of the central nerve-system have 

any functions besides being nutritive centres is, of course, extremely 

difficult to decide. 

It is not imposisble that they may be the seat of memory. 

A small part of each irritation producing a reflex action, may on 

its way through the dotted substance be absorbed by some branches 

of the nervous processes of the ganglion cells, and can possibly in 

one way or another be stored up in the latter.  Howsoever that 

may be, and whatever the function of the ganglion cells is, this 

new theory of the combination between the centripetal and the 

centrifugal nerve-tubes gives, if approved, a quite new view of 

the importance of the dotted substance (or the interlacing of nerv- 

å 
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ous fibrillæ of the vertebrates) and will, in my opinion, explain 

| many facts as to its occurrence. If the theory is correct, then, the 

dotted substance must be a principal seat of the nervous activity, 

K and — the higher an animal is mentally developed — the more 

 complicated and extensive must we expect to find its dotted sub- 

stance; this is in the fullest harmony with the facts already known. 

Kereedfonly refer the reader to the ant, or the bee, to compare 

the extremely complicated and highly developed dotted substance 

of these small inteligent animals, with the dotted substancs of less 

developed insects, or to compare the dotted substance of the insects 

omerustacea with that of annelides, etc. etc. I am sure that my 

readers will very soon arrive at the conclusion, that the more com- 

plicated the structure of dotted substance is — the more highly is 

the animal mentally developed; in other words, we may conclude 

that the more the inteligence of an animal is developed — the more 

intricate becomes the web or plaiting of nerve-tubes and fibrilleæ in 

ts dotted substamce; the protoplasmic processes etc. of the ganglion 

cells are of no great importance in this respect. In this manner we 

can explain how it is, that unipolar cells occur in the nervous 

system of animals (e. g. insects and crustacea) which are mentally 

even highly developed; these animals have an extremely intricate 

web of nerve-tubes in their dotted substance, and this web is pro- 

bably the principal seat of inteligence. 
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Explanation of the plates. 

Plate I 

The illustrations are drawn under the camera lmmeida, from the 

microscope directly upon the stone. The preparations (exept fig. 5 & 6) 

were fixed i chromo-aceto-osmic acid and stained with hæmatoxylin. 

Fig. 1. 

» DE 

» 3 

Homarus vulgaris. (Magnified 60 diameters; Zeiss AA, 2.) 

Transverse sections of an oesophageal commissure. a Ex- 

ternal sheath. b Layer of connective tissue inside the 

ext. sheath. ce Inner layer or sheath of connective-tissue 

closely applied to the contents of nerve-tubes (compare 

fig. 5,a). 4 0, 4 Large |nerve-tubes with more/ømiler 

concentrated axes. &” Large nerve-tubes with no ax! 

nt Central bundle of largish nerve-tubes. smt Masses of 

small nerve-tubes, more peripherically situated. 

Homarus vulgaris. (Magnified 950 diameters; Zeiss. Hom. 

im. '/18, I.) Å part of fig. I, representing some small 

nerve-tubes of various sizes, more highly magnified. The 

transsected primitive tubes, of which the contents of the 

nerve-tubes are composed, are distinctly visible as round 

meshes. i, t Largish nerve-tubes in which a concentration to- 

wards an axis is visible. 7,t Smallnerve-tubes; in one ofthem 

a slight concentration towards an axis is visible. £” Small 

nerve-tube in which no concentration towards an axis is 

visible. åa Vacuoles. b Neuroglia-substance. c The sheath 

of a large nerve-tube which is illustrated in fig. 1, 4. 

d Vacuoles in some nerve-tubes, probably artificially pro- 

duced. Å Neuroglia-nuclei. 

Homarus vulgaris. (Magnified 950 diameters; Zeiss. Hom. 

im. '/18 1.) Transverse section of a large nervetmlg 

with axis (it is the same tube which is illustrated in 

fig. 1,7). a Neuroglia-sheath. bd Sheath of another large 

nerve-tube. | 
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 Homarus vulgaris (Magnified 950 diameters; Zeiss. Hom. 

im. '/18 I). Longitudinal section of the same nerve-tube 

as is illustrated in fig. 3 (of the same piece of an oeso- 

phageal commissure was first taken transverse sections, 

and subsequently longitudinal sections. a, åa Deeply staining 

avis 0 Externel layers of primitive tubes which åre 

samewhat obliquely transsected. c&d Neroglia-sheath of 

the nerve-tube, which on one side (ce) is considerably 

thicker than on the other. Æ Neuroglia-nucleus situated 

inside the sheath. 

Nephrops morvegicus. (Magnified 950 diameters; Zeiss. 

Fom: im. h;, 1.) —=Transverse section of nerve-tubes, 

from an oesophageal commissure. a Inner layer of the 

connective-tissue surrounding the bundle of nerve-tubes 

gr the commissure (compare fig. 1,d. 6 Outer layer of 

the same connective-tissue (compare fig. I, b). tt Trans- 

sected inerve-tubes; in the risht one is a very slight 

concentration towards a deeply staining axis visible. 

t, t”, €” Nerve-tubes with vacuoles, which possibly, to 
søme 'extent, are transsected tubes. f Nerve-tubes con- 

taining solely large meshes, which possibly are transsected 

tubes. ce Vacuoles. k, k,K,K”,XK"” Neurogla-nuclei and 

nuclei of the connective-tissue. Å Neuroglia-nucleus situated 

inside the sheath of a nerve-tube. The preparation was 

fixed in Lang's fluid (corrossive sublimat 12 %) and stained 

with hæmotoxylin. 

Nephrops morvegicus. (Magnified 1700 diameters; Zeiss. 

omim. 15 3) Pat of the contents of å nerve-tube 

highly magnified to show the walls of the primitive tubes. 

a Thickenings in these walls along the concreting edges 

of the tubes. From the same preparations as fig. 5. 

Homarws vulgaris. (Magnified 190 diameters; Zeiss CC, 2). 

Transverse section of a small peripheral nerve containing 

large and small nerve-tubes. f Large nerve-tubes; their 

sheaths are very thick and consist of several layers. 

nt Small nerve-tubes. s Septa, dividing the small nerve- 

tubes into bundles. Æ% Neuroglia- and connective-tissue- 

nuclei. 

Homarus vulgaris. (Magnified 1150 diameters; Zeiss. 

Homme 02.) Transsected nerve-tubes from å peri- 

pheral nerve. mt Small nerve-tubes containing some few 

TGS 
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primitive tubes only. p,p Thickenings along the concret- 

ing edges of the sheaths of the small nerve-tubes. ft Large 

nerve-tubes outside the scheath of which a mneuroglia- 

nucleus is situated. 

Nereis virens. (Magnified 950 diameters; Zeiss l/jg, I.) 

Longitudinal section of a large nerve-tube (b) and some 

small nerve-tubes (nt) from the ventral nerve-cord. a Sheath 

of the large nerve-tube (b). The spongioplasmic walls 

of the primitive tubes ot the nerve-tubes are distinctly 

seen longitudinal transsected. 

Nereis virens. (Magnified 950 diameters; Zeiss '/g, I.) 

Transverse sections of some large nerve-tubes running 

centrally along the ventral nerve-cord (compare fig. IA). 

a Central fibrous septum dividing the nerve-cord longi- 

tudinally into two lateral cords (cf. fig. 14). b&b Trans- 

verse bundles of neuroglia-fibres; subdividing into branches 

(ce, ce). åt Large central nerve-tubes.' fh HE Bones 

smaller nerve-tubes, more ventrally situated. mt Small 

nerve-tubes. mit" Small nerve-tubes situated between the 

large central nerve-tubes (f) and the central septum (and 

the transverse bundles of fibres [b]). Æ Neuroglia-nucleus 

situated in the ventral, reticular part (B) of the central 

septum (4). 

Lumbricus agricola. (Magnified 500 diameters; Seibert 

ljs, Zeiss 2.) Transverse section of the three colossal 

nerve-tubes-(t,, %& å) and åa part of. tkerdotted snr 

stance (ce. då KConnective-tissue outside the perinev- 

rium. b Perineurium (Vignal's gaine troisiéme), outside 

which the layer of muscles (m, m) is situated. d Neu- 

roglia extending inside the perineurium, between the three 

colossal nerve-tubes. s, 8,8 Septa or very thick fibres 

occurring in this neuroglia and connected with the peri- 

neurium. ce Dotted substance, exhibiting a reticulation 

produced by a transsection of tubes. mit Transsected 

nerve-tubes. Æ Neuroglia-nuclei. 

Platen 

Homarus vulgaris. (Magnified 330 diameters; Zeiss. Apochr. 

4,0,—0,45, I. Cam. luc.) Large nerve-tubes from anføerg 

phageal commissure, seen in the live state inthe commissure. 

i 
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14. 
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16. 
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18. 

A&B Large nerve-tubes with striated axes (c,d). a,a Neu- 

roglia layers between the nerve-tubes. bd Small nerve- 

tube with a visible longitudinal striation. e,e Small nerve- 

tubes without visible striation. 

Homarus vulgaris. (Magnified 950 diameters; Zeiss. Hom. 

ee Cam. ae)i Marge neérvetubés (u, a) from a 

peripheral, abdominal nerve, and seen in the nerve in the 

live state; no striation is visible. b Sheaths of the nerve- 

tubes. c,c,c Apparent septa, optic illusions produced 

by a slight bending of the nerve-tubes and their sheaths. 

& Neuroglia-nucleus situated inside the sheath of the 

one nerve-tube. 

Nereis virens. (Magnified 190 diameters; Zeiss. CC, 2. 

Cam. luc. direct upon the stone.) Transverse section of 

the ventral nerve-cord. cw External cuticulum. ep Thick 

ectodermal epithelium, outside the ventral mnerve-cord. 

& Nuclei of the high cylindrical cells of this ectoderm. 

ep, The common ectoderm of the body. k, The nuclei 

of this ectoderm. m,sh »Connective« or neuroglia tissue 

surrounding and enveloping the ventralnerve-cord. KK" 

Nuclei of this tissue. &*, Similar nuclei, situated more 

ventrally, towards the ectodermal epithelium, from the 

nuclei of which they are not easily distinguished. 

ge & ge Ganglion cells. m, m Membrane separating the 

ectoderm and the ventral nerve-cord from the inner layers 

of the body. (From a preparation fixed in Flemming's 

chromo-aceto-osmic acid and stained with Delafield's 

hæmatoxylin.) 

Homarus vulgaris. (Magnified 620 diameters; Zeiss F, 1. 

Cam. luc.) Isolated, largish nerve-tubes from an oeso- 

phageal commissure, macerated in acetic acid (1), glyce- 

rin (1) and aqua dest. (5). 

Homarus vulgaris. (Magnified 620 diameters; Zeiss F, 1. 

Cam. luc.) Isolated smallish nerve-tubes from an oeso- 

phazeal commissure, macerated in the same way as in 

mo. 

Patella vulgata. (Magnified 620 diameters; Zeiss F, 1. 

Cam. luc. direct in the stone.) Nerve-tubes from a pedal 

nerve-cord and a peripheral nerve, macerated as above. 

Patella vulgata. (Magnified 620 diameters; Zeiss F, 1. 
Cam. luc.) Nerve-tubes macerated as above, stained with 

picro-carmine. 
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Fig. 19. Patella vulgata. (Magnified 620 diameters; Zeiss F, 1. 

Cam. luc. direct upon the stone.) Transverse section of 

a nerve, from which two smaller nerves (a and b) later- 

ally issue. v Vental side of the nerve. a &b Trans- 

versally transsected nerve-tubes of the small lateral nerves. 

a &b Longitudinally transsected nerve-tubes of the same 

nerves. ce&d Large nerve-tubes, transversally transsected 

$,8 Septa dividing the nerve into bundles of nerve-tubes. 

5,8" Septa separating the nerve-tubes of the two small 

lateral nerves from the rest of the large nerve. f Neu- 

roglia-cell with nucleus situated inside the neurilem-sheath 

& Neuroglia-nuclei. (From a preparation treated with 

osmic acid (I %) for 48 hours, stained with Delafield's 

hæmatoxylin and decoloured in water to wich some drops 

of acetic acid had been added; the section was taken directly 

with a razor without imbedding.) 

» IQA. Å part of the section, illustration in fig. 19, highly mag- 

nified to show the structure of the walls between the 

nerve-tubes. 

» 20. Patella vulgata. (Magnified 750 diameters; Zeiss F, 2. 

Cam. luc. direct upon the stone.) Longitudinal section 

of a peripheral nerve near its origin in the pedal nerve- 

cord. ge Å ganglion cell sending a protoplasmic process (2) 

towards the neurilem-sheath (sh); the mnervous process 

which runs longitudinally was not distinctly visible in 

this- section. %, X, k” Circular and oblong, deep 

staining neuroglia-nuclei. m, nn, nw, nn”, nn” Ovoid, less 

staining and, generally, larger neuroglia-nuclei. (The pre- 

paration was fixed in chromo-aceto-osmic acid and stained 

with Delafields hæmatoxylin.) 

» 21.  Phallusia obliqua. (Magnified 350 diameters; Zeiss CC, 4. 

Cam. luc. direct upon the stone.) Transverse section of 

a peripheral nerve. sh Fxternal neurilem-sheath. (From 

a preparation fixed and hardened in Miiller's fluid, stained 

with acid fuchsin dissolved in turpentine with a little 

abs. alcohol added.) 

» 22.  Phallusia obliqua. (Magnified 750 diameters; Zeiss F, 2. 

Cam. luc.; drawn directly upon the stone.) IL ongitudinal 

section of a part of a peripheral nerve. a&b Septa 

(longitudinally transsected) between bundles of nerve-tubes. 

n Neuroglia-nucleus situated in one septum (a). is Sheaths 

Å 



of the nerve-tubes. The spongioplasmic walls of the pri- 

mitive tubes are distinctly seen in the nerve-tubes. (From 

a preparation treated as above.) 

Pre TE 

The illustrations of this plate are drawn under the camera 

lmeida, from the microscope directly upon the stone (except fig. 23). 

The preparations (exept fig. 23) are fixed in chromo-aceto-osmic acid, 

stained according to Heidenhain's hæmatoxylin method (except fig. 24) 

and some of them afterwards with Delafield's hæmatoxylin. All the 

illustrations are taken from ganglion cells of 

Homarus vulgaris. 

Fig. 23. (Magnified 620 diameters; Zeiss F, 1. Camera lucida.) 

A &B Ganglion cells (from a ventral ganglion) isolated 

in acetic acid (1), glycerin (1), and aqua dest. (5), and 

stained with picro-carmine. då Space surrounding the 

central bundle of primitive tubes (b) of the process, and 

in which no structure is visible. mn, mn Neuroglia nuclei 

situated outside the sheath of the cell and the process. 

 Magnmfhed 620 diameters; Zeiss F, 1.) Part of å section 

through two ganglion cells (A & B) and the neuroglia (nu) 

situated between them. A&B Parts of the protoplasm 

of the two ganglion cells, in which a spongioplasmic re- 

ticulation is distinctly visible. cm, cm Neuroglia-sheaths 

of the cells. æ Transsected, spongioplasmic fibres pene- 

trating, from the sheaths into the protoplasm of the 

ganglion cells. b Such a fibre seen in connection with 

the sheath. sp Similar fibre subdividing and forming åa 

reticulation. mw Neuroglia. m Neuroglia-nuclei. 

» 25. (Magnified 350 diameters; Zeiss CC, 4.) Section through 

a large ganglion cell (of an abdominal ganglion) and the 

root of its process; the lightly staining contents of which 

partly originates from bundles of primitive tubes. s,s Fi- 

bres penetrating from the neuoglia-sheath into the proto- 

plasm of the cell. a Similar fibres transsected. 

» 26. (Magnified 750 diameters; Zeiss F, 2.) Section through a 

ganglion cell and a part of its prosess, the contents of 

which arises equally from the whole protoplasm of the 

cell by a convergence af primitive tubes. 4 Neuroglia, 

em Sheath of a ganglion cell. 
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Fig. 27. (Magnified 620 diameters; Zeiss F, 1.) Section through 

a large ganglion cell and the root of its process, the 

lightly staining contets (a) of which arises from åa union 

of bundles of primitive tubes. db Transsected spongio- 

plasmic fibres, with which the spongioplasmic walls separat- 

ing the primitive tubes, unite. cm Sheath of å ganglion cell. 

» 28 & 29. (Magnified 620 diameter; Zeiss F. 1.) Parts of suc- 

cessive sections through the same ganglion cell, selected 

from a series of sections to show how the lightly stain- 

ing contents (p,p) of the process penetrates into the 

protoplasm of the cels surrounded for some distance by 

deeply staining fibres (s,s). db Such fibres transsected. 

a&s” Similar fibres penetrating into the protoplam of 

the cell. cm Sheath of the cell. v,v Transsected bundles 

or small masses of primitive tubes. mv Cavities in the 

sheath of the cell into which cavities the protoplasm of 

the cell partly extends. 

Plate: IV. 

The illustrations are drawn under camera lucida from the mi- 

croscope directly upon the stone. The preparations (exept fig. 41) 

are fixed and stained in the same way as in Plate III. All the 

illustrations are taken from ventral ganglia of 

Homarus vulgaris. 

Fig. 30—33. (Magnified 350 diameter; Zeiss CC, 4.) —Successive 

sections through the process of a ganglion cell, selected 

from a series of transverse sections through an abdominal 

ganglion. In fig. 30 the process is seen quitting the cell 

in fig. 33 it is divided into two branches (a & b). p,c Con- 

tents of the process; near the cell (fig. 30) this contents 

is lightly stained, in a greater distance from the cell (fig. 31) 

it becomes more deeply stained until it, at a certain distance 

(fig. 32), becomes quite dark. pr Protoplasm of the ganglion 

cell. sf Spongioplasmic fibres, penetrating into the proto- 

plasm of the cell and (sf?) into the contents of the pro- 

cess. sf” Similar spongioplasmic fibres occurring in the 

external layers of the contents of the process. cm Neu- 

roglia-sheath of the ganglion cell. is Inner neuroglia-sheath 

enveloping the process. mm Concentric layers of neu- 

roglia surrounding the process. 
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(Magnified 350 diameters; Zeiss CC, 4). Transverse sec- 

tion through the process of a ganglion cell, exhibiting 

the concentric layers of neuroglia (mm) surrounding the 

contents of the process (pc). br Transsected side-branch, 

issuing from the process the process. 

35 & 36. (Magnified 620 diameters; Zeiss F, 1.) Two trans- 

37: 

38. 

39: 

verse sections through the same process of a ganglion 

gellg selected from a series of sections. ye Contents of 

the process, in which the transsected primitive tubes are 

distinctly seen. sf Transsected spongioplasmic fibres 

ocurring in the external layers of the contents. br, br” Trans- 

sected branches issuing from the process. nm Concentric 

layers of neuroglia.  Neuroglia-nucleus. bæc Similar 

nuclei deeply stained. 

(Magnified 350 diameters; Zeiss CC, 4.) Section through 

a ganglion cell. æa External, lightly stained, layer of the 

protoplasm. bd Mesial deeply stained part of the proto- 

plasm. sf Spongioplasmic fibres. sf” &sf” Similar spon- 

gioplasmic fibres surounding the lightly stained contents of 

the process, in the prototoplasm of the cell. br, br Branches 

of the process. 

(Magnified 620 diameters; Zeiss F, 1.) Section through 

three ganglion cells (A, B, C) from an abdominal ganglion. 

v, v Transsected masses of primitive tubes, situated peri- 

phencally 4n) the (protoplasm of the cell. 2" Similar 

masses situated on the sides of the bundle of primitive 

tubes forming the contents of the process. sø Spongio- 

plasmic fibres surrounding this bundle of primitive tubes. 

$ Septa or fibres, partly separating the masses of primi- 

tive tubes. s Small septa and fibres penetrating these 

masses. m Neuroglia-uncleus. a,a Lightly stained parts 

of protoplasm situated round the bundle of primitive 

tubes forming the contents of the process. b External 

lightly staining layer of the protoplasm. pp» Process of 

the ganglion cell (0). cm Sheath of a ganglion cell. 

(Magnified 620 diameters; Zeiss F, 1.) Lateral section 

through the same cell as is illustrated in fig. 38, A. In 

this section lightly staining masses of primitive tubes are 

almost solely transsected. a Deeply staining protoplasm. 

b Place where the section has passed just on the border 

between the deeply staining protoplasm and the lightly 
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staining mass of primitive tubes. ss Spongioplasmic septa 

and fibres occurring in the lightly staining mass. ss Si- 
milar septum with a little deeply staining protoplasm. 

v,v Small lightly staining masses. em Sheath of the cell. 

nm Neuroglia. 

Fig. 40. (Magnified 350 diameters; Zeiss CC, 4.) Section through 

a group of smallish ganglion cells in å thoracal ganglion. 

a Transsected processes issuing from the cells. msh Peri- 

neurium enveloping, the ganglion. mm Neuroglia occur- 

ring inside the perineurium. 

» 41. (Magnified 750 diameters; Zeiss F, 2) «Section or 

nucleus of a ganglion cell stained with borax-carmine. 

The nucleus has two nucleoli (a&b). & Thickenings in 

the chromatine-structure. m” Membrane of the nucleus. 

>» 42. (Magnified 750 diameters; Zeiss F, 2.) Sections of nuclei 

of ganglion cells. 

Pee NG 

All the illustrations of this plate are drawn under the camera 

lucida and from the microscope directly upon the stone. They are 

all taken from preparations fixed in chromo-aceto-osmic acid, and 

stained with Delafield's hæmatoxylin (and partly also with eosin or 

picric acid in turpentine). 

Fig. 43. Nereis virens. (Magnified 1150 diameters; Zeiss. Hom. im. 

l/i8> 2.) Ganglion cells, from a transverse section of the 

ventral nerve-cord. I—5 ganglion cells in three of which 

processes (pr) are transsected. 2 Part of a ganglion cell. 

a Transsected nerve-tubes of the dotted substance. b Lightly 

stained part of the protoplasm of the cell 1. cm, cm Sheaths 

of the ganglion cells. 4 Neuroglia. nm Neuroglia- 

septum penetrating between the ganglion cells, and some- 

times dividing them into groups. lg Large dark granules 

in the protoplasm. 

>» 44 & 45. Nereis virens. (Magnified 1150 diameters; Zeiss. 

Hom. im. '/8 2.) Ganglion cells, from horizontal sec- 

tions of the ventral nerve-cord. a Mesial, deeply stain- 

ing part of the protoplasm. db Peripheral, lightly staining 

layers of the protoplasm. sf Spongioplasmic fibres, pe- 

netrating into the protoplasm. cm, em” Neuroglia-sheaths 

enveloping the ganglion cells. mu Neuroglia. mm Thick 

neuroglia-septum. 



å Fig. 46 & 47. Lumbricus agricola. (Magnified 2070 diameters; 

» 

» 

48. 

Dess Hom.a im. 215,04.) Sections of ganglion cells of the 

ventral nerve-cord. a Lightly staining parts of the proto- 

plasm. mpr Nervous processes. br, br Side-branches, 

given off from the nervous process. pr Protoplasmic 

processes. cm Neuroglia-sheath of the ganglion cells. 

nu Neuroglia. mur Neuroglia retuculatation.  Nouroglia- 

nucleus. 

Patella vulgata. (Magnified 2070 diameters; Zeiss. Hom. 

im. '/j8 4.) Section of å ganglion cell of the pedal nerve- 

cord. mpr Nervous process. mur Neuroglia-reticulation. 

49 & 50. Patella vulgata. (Magnified 1150 diameters; Zeiss 

Hom. im. '/j3, 2.) Sections of ganglion cells; taken from 

transverse sections of the pedal nerve-cord. mpr Nervous 

processes. mpr Roots of nervous processes. br Branches 

given off from the nervous process. ppr Protoplasmic 

process terminating under the perineurium. pe Perineu- 

rum. »,m Neuroglia-nuclei. m” Nucleus situated outside 

the perineurium and belonging to it. mur Neuroglia- 

reticulation. | 

Blaite VE 

All the illustrations of this plate are drawn from the microscope 

directly upon the stone under the camera lucida. 

Fig. 51—54. Patella vulgata. (Magnified 1350 diameters; Zeiss 

» 

F, 4.) Isolated ganglion cells of the pedal nerve-cord. 

npr Nervous process. gr Yellow granules (containing 

hæmoglobin?) occurring in the protoplasm of the cells. 

gr Simular granules exuded from the cells. a (fig. 52). 

Large granule of yellow substance, being formed on a 

place where such substance is exuded from the cell. 

b Side-branches, given off from the nervous processes. 

ppr Protoplasmic process. a (fig. 54) Short process or 

prolongation of the nucleus of the ganglion cell. (The 

cells were isolated in acet. ac. (1), glycerin (1), aqua 

dest. (5) or in weak solution of alcohol and stained with 

ammonia-carmine). | 

55—57.  Phallusia venosa. (Magnified 1350 diameters; Zeiss 

F, 4) Isolated ganglion cells from the brain. Fig. 55 & 

56 Peripheral cells. Fig. 57 Tripolar ceil situated in the 



Fig. 58. 
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59. 

60. 

OI. 

62. 

dotted substance. mpr Nervous process. a,d,b Side- 

branches given of from the nervous processes. æppr Pro- 

toplasmic processes. (The cells were isolated in weak 

solution of alcohol or in potassium-bichromate (0.003 %)) 

Corella parallelogramma. (Magnified 1350 diameters; Zeiss 

F. 4.) Section of a ganglion cell situated peripherically 

in the brain. m pr Nervous process. a Lightly staining 

parts of the protoplasm. (Fixed in osmøeeedN 

and stained with picro-carmine.) 

Homarus vulgaris. (Magnified 350 diameters; Zeiss CC, 4.) 

Isolated ganglion cell of a ventral ganglion. a&b Lightly 

staining masses of primitive tubes. ce Bundle of primitive . 

tubes forming the contents of the nervous process (npr). 

br Side-branches given off from the process. (Macerated 

in acetic acid (1), glycerin (1), aqua dest. (5) and stained 

with ammonia-carmine.) 

Homarus vulgaris. (Magnified 750 diameters; Zeiss F, 2.) 

Isolated ganglion cell from a ventral ganglion. m Neuro- 

glia-nucleus situated in the sheath of the cell. npr Nervous 

proceses. (Macerated in acetic acid (1), glycerin (1), aqua 

dest. (5) and stained with picro-carmine.) 

Homarus vulgaris. (Magnified 1350 diameters; Zeiss F, 4.) 

Part of a section through the dotted substance of a 

thoracal ganglion, exhibiting the origin of a bundle (a) of 

nerve-tubes or rather primitive tubes in the dotted sub- 

stance. a Bundle of primitive tubes, longitudinally trans- 

sected. b Longitudinally transsected primitive tube. c Ob- 

liquely transsected primitive tube. tpt Transversally trans- 

sected primitive tubes. m Neuroglia-nucleus. (Fixed in 

chromo-aceto-osmic acid, stained with mneutral borax- 

carmine.) 

Homarus vulgaris. (Magnified 620 diameters; Zeiss F, 1.) 

Part of a section through the dotted substance of an ab- 

dominal ganglion, exhibiting the mixture of large and 

small tubes in the dotted substance ds The real dotted 

substance consisting of very small tubes, which are trans- 

versally, or obliquely, or partly longitudinally transsected. 

int, tnt" Transversally transsected large nerve-tubes. a&db 

Bundle of nerve-tubes longitudinally transsected. mt Large 

nerve-tube. mt" Large nerve-tubes, subdividing dichotom- 

ously. mw Neuroglia. n,w,n” Neuroglia-nuclei. x Large 

nucleus. 



Plate VIE 

The illustrations of this plate are drawn from the microscope 

directly upon the stone, under the camera lucida. 

Fig. 63 & 64. Homarus vulgaris. (Magnified 350 diameters; Zeiss 

2 GE. 

911.166. 

fe. 67. 

CC, 4.) Parts of a transverse (fig. 63) and å longitudinal 

(fig. 64) section through ventral ganglia. a—g Nervous 

processes from ganglion cells or branches springing from 

such processes. h Subdividing part of åa mnerve-tube. 

i Varicose nervous fibril. vf Varicose nervous fibril. 

I—12 Parts of longitudinal nerve-tubes belonging to the 

Jongitudinal commissures. sf, sf” Slender mnerve-tubes 

partly given off from these longitudinal large nerve-tubes. 

(From chromo-silver stained preparations.) 

Homarus vulgaris. (Magnified 1150 diameters; Zeiss. 

øm. "1, 1.) Part of a transverse section through 

the dotted substance of an abdiminal ganglion. a—f Nerve- 

tubes, some of which are seen to subdivide. (Fixed in 

chromo-aceto-osmic acid; stained in accordance with Hei- 

denhain's hæmatoxylin method.) 

Nereis virens. (Magnified 950 diameters; Zeiss. Hom. im. 

HE) Part of å hornzontal, longit. section through the 

dotted substance of the ventral nerve-cord. a The central 

vertical septum, dividing the nerve-cord longitudinally 

(gampare fig. 10,4 & fig. 14). if, dt Transyerse, small 

and large, nerve-tubes crossing this septum. (dt! Trans- 

verse nerve-tubes passing to the root of a peripheral 

nerve. pt Large nerve-tubes passing to the root of the 

same nerve. & Small longitudinal nerve-rubes. lt Large 

longitudinal nerve-tubes. m,m Neuroglia-nuclei, situated 

longitudinally (») or transversally (m”) in the dotted sub- 

stance. (Fixed in chromo-aceto-osmic acid, stained with 

Delafield's hæmatoxylin.) 

Hate VIE 

Nereis virens. (Magnifid 620 diameters; Zeiss F, 1. 
Cam. luc. from the microscope direct upon the stone.) 

Part of a horizontal, longitudinal, section through the 

ventral part of the ventral nerve-cord. ds,ds Ihe dotted 

substance on each side of the central mass of ganglion 



Fig. 
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cells etc. a Neuroglia forming the central, vertical sep- 

tum dividing the nerve-cord longitudinally (compare fig. 

10,a & fig. 14). lge Large ganglion cells with deeply 

staining protoplasm, with spongioplasmic fibres issuing from 

the sheaths of the cells, and with small lightly staining masses 

of primitive tubes (?). mp Nervous process. gc,ge Large 

ganglion cells with deeply staining protoplasm. sge Small 

ganglion cells with lightly staining protoplasm. sge Gan- 

glion cell of mesial size with a small mass of deeply 

staining protoplasm. mf, mf Neuroglia-fibres and longitu- 

dinally transsected tube-sheaths uniting with the sheaths 

of the ganglion cells. (Fixed and stained as fig, 66.) 

Homarus vulgaris (Magnified 100 diameters.) Ganglion 

cell from an abdominal ganglion; constructed from a series 

of transverse sections, partly by help of the cam. luc. 

(Fixed in chromo-aceto-osmic acid, stained in accordance 

with Heidenhains hæmotoxylin method. 

Homarus vulgaris. (Magnified 132 diameters; Zeiss A A, 4- 

Cam. luc.) Ganglioncell from a thoracal ganglion, observed 

in a transverse section (chromo-silver staining); the proces 

could be traced directly into å peripheralmneérve: 

Homarus vulgaris (Magnified 350 diameters; Zeiss CC, 4- 

Cam. luc.) Unipolar ganglion cell from a chromo-silver 

stained section of a thoracal ganglion. The nervous pro- 

cess subdivides and is broken up into slender branches. 

The slender fibres issuing from the body of the cell are 

neuroglia-fibres issuing from its sheath. 

Lumbricus agricola (Magnified 620 diameters; Zeiss F. 1. 

Cam. luc. from the microscope directly upon the stone.) 

Lateral part of a transverse section of the ventral nerve- 

cord. a—h Ganglion cells. ce Ganglion cell containing 

two nuclei. pe Perineurium. m Muscles. ct Septa and 

fibres of comective tissue issuing from the perineurium. 

nu Neuroglia. ds Dotted substance. mt, nt, nt” Transsected 

nerve-tubes of various sizes. Ilis, Its” Sheaths of two of 

the three colossal nerve-tubes. m,mn Neuroglia-nuclei. 

(Fixed in chromo-aceto-osmic acid, stained with Dela- 

fields hæmotoxylin). 

Lumbricus agricola. (Magnified 750 diameters; Zeiss F, 2. 

Cam. luc.) Ganglion cell from a transverse sectionføl 

the ventral nerve-cord. 

> 



Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.) 

Part of a transverse section through a pedal nerve-cord. 

a—m,o Ganglion cells.  Neuroglia-nuclei. mm Similar 

nuclei or cells from which fibres issue. cn Large ovoid 

or circular neuroglia-nuclei, more lightly staining than the 

smaller nuclei. cm Similar nuclei situated close to the 

nervous processes of ganglion cells. ds Dotted substance. 

p Perineurium, enveloping the pedal nerve-cord. mw Neu- 

roglia-reticulation extending inside this perineurium. af Fi- 

bres, neuroglia-fibres and protoplasmic processes, running 

from the ganglion cells a&a towards the perineurium. 

cet Cells adhering externally to the perineurium. (Fixed 

in chromo-aceto-osmic acid, stained with Delafield's hæ- 

motoxylin). 

>» 74 Patella vulgata. (Magnified 1150 diameters; Zeiss. Hom. 

ine "8, 2-) Part of a transverse section through åa pedal 

nerve-cord. a—i Ganglion cells. ds Dotted substance. 

nu Neuroglia reticulation.  Neuroglia-nuclei. m Neu- 

roglia-nuclei, adhering to the sheath of a ganglion cell. 

| (reparation the same as fig. 73) 

» 75—78. Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.) 

Ganglion cells with their processes.  m Neuroglia nuclei. 

(Fig. 75 and 76 are isolated in glycerin (1), acetic acid (1), 

aqua dest. (5); fig. 77 and 78 are taken from in sections). 

» 79—81. Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.) 

Isolated neuroglia-cells. 

Plate IX 

The illustrations of this plate (exept fig. 83—85) are drawn 

under the camera lucida, from the microscope directly upon the 

stone. 

Fig. 82. Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.) 

Ganglion cells and their processes from a transverse section 

of a pedal nerve-cord. gc Ganglion cells. a Ganglion 

ceil, the nervous process of which can be traced for some 

distance through the dotted substance. m Neuroglia- 

nucleus adhering to the sheath of this process. m Neu- 

roglia-nuclei. me Larger less staining mneuroglia-nuclei. 

(Fixed in chromo-aceto-osmic acid, stained with Delafield's 

hæmotoxyline. The section was stained with picric acid 
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dissolved in turpentine to which was added a little abs. 

alcohol). 

Fig. 83. Patella vulgata. (Magnified 570 diameters). Part of a 

transverse section through a pedal nerve-cord. ge Ganglion 

cell. da Ganglion cell. m” Neuroglia nuclei adhering to 

the sheath of this cell and its nervous pracess. ”” Three 

similar nuclei situated close together. m Neuroglia-nuclei. 

Quite similar nuclei (”) are also situated in the connective 

tissue outside the perineurium (sh). m Larger, circular 

or ovoid, less staining nuclei situated in the same con- 

nective-tissue. mc,mc Neuroglia-cells. me” Large, ovoid 

neuroglia-cell. mf Nerve-tubes or nervous processes. (Pre- 

paration the same as in fig. 82). 

» 84. Lumbricus agricola. (Magnified 950 diameters; Zeiss. 

Hom. im '/18 1.) Ganglion cells (ge) the mnervous pro- 

cesses of which pass into the dotted substance (ds) and 

run longitudinally along the ventral nerve-cord. Taken 

from åa horisontal longitudinal section of the ventral 

nerve-cord. 

» 85. Patella vulgata. (Magnified 1150 diametars; Zeiss.  Hom. 

im. "'/18, 2.) Slender nerve-tubes and nervous fibrillæ, 

from a pedal nerve-cord, isolated in fresh state. 

» 86. Patella vulgata. (Magnified 750 diameters; Zeiss F, 2.) 

Nerve-tubes and fibrillæ from a pedal nerve-cord, ma- 

cerated in glycerin (1), acet. acid (1), aqua dest. (5). 

a&db Thick nerve-tubes giving off side-branches. me Neu- 

roglia cells. 

» 87.  OCorella parallelogramma. (Magnified 1150 diameters; 

Zeiss. Hom. im. !/13, 2.) Part of å longitudinal séetiøngg 

through the brain. a—g Ganglion cells. m Neuroglia- 

nuclei. ” Similar nucleus adhering to the sheath of åa 

nervous process. (Fixed in osmic acid (I %y), stamed 

with picro-carmine) 

» 88.  Corella parallelogramma. (Magnified 620 diameters; Zeiss 

F, 1.) Anterior part of a horizontal longitudinal section 

of the brain. e Ganglion cells. gc Ganglion cell situated 

in one of the anterior nerves.  m Nuclei adhering to the 

inside of the perineurium.  Neuroglia-nuclei situated in 

the sheaths of the nerve-tubes. (Fixed in osmic acid (I %), 

stained with picro-carmine). | 

i 



Phallusia venosa. (Magnified 750 diameters;, Zeiss F, 2.) 

Nerve-tubes and ganglion cells (gc from åa brain, ma- 

cerated in weak solution of alcohol. da Nervous process 

from which side-branches are given off. b—e Nerve-tubes 

from which side-branches are given off. 

» 090. Amphioxus lanceolatus. (Magnified 350 diameters; Zeiss 

OM N I ransverse section ef the spinal cord. pe, ge 

Ganglion cells. pp Protoplasmic process. wvmnt Ven- 

tral colossal nerve-tube. Int Lateral colossal merve- 

tubes. cg Central groove (or canal). f Fibres crossing 

the grove. mf Fibres issuing from the epithelial cells sur- 

rounding the central groove and penetrating to the sheath, 

enveloping the spinal cord. ms Similar, thick fibres, united 

to strong bundles, one on each side of ventral, colossal 

nerve-tube. p Pigment. mt Slender nervetubes running 

transversally in the white substance. (Fixed in chromo-aceto- 

osmic acid, stained according to Heidenhains hæmatoxy- 

lin method and afterwards with Delafields hæmatoxylin). 

» 91. Amphioxus lanceolatus. (Magnified 750 diameters; Zeiss F, 2.) 

Transsected large nerve-tubes from the a transverse sec- 

tion of the spinal cord. (Preparation same as in fig. 90). 

» 92.  Amphioxus lanceolatus. (Magnified 620 diameters; Zeiss 

kø) Ganglion cell (ge) from åa transverse section of 

the spinal cord. pp Protoplasmic process penetrating to 

the sheath (a) enveloping the spinal cord. pp Protoplasmic 

process, which possibly crosses the central groove, and 

which in this section is transsected. eg Bottom of the 

central groove (or canal. ec Epithelium. ee Fpithelial 

cell. » Pigment occurring at the bottom of the central 

groove. ms Fibres issuing from the epithelial cells and 

in which some pigment is deposited. (Fixed in osmic 

acid (1 %), stained with ammonia-carmine). 

Plate xX. 

The illustrations of this plate are drawn under the camera lucida, 

from the microscope directly upon the stone. They are all taken 

from sections of the spinal cord of 

Myxine glutinosa. 

eeo (Magmhed 132 diameters; Zeiss AA, 4.)  Transverse 

section of the spinal cord. (To some extent composed 

from several sections of series of transverse sections, 

14 
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but each part is drawn under the cam. luc.) ge Ganglion 

cells. 190, lge, Large ganglion cells. mp Mixed process 

(or nervous process?). br Branches given off from the 

mixed process. jpbr Branches of the protoplasmic pro- 

CESSES. VNT,, VNTy, VN3, vnr, Ventral nerve-roots, which 

are not transsected in the same section, but which are 

drawn here to show their possition. mbr Side branch given 

off from a nerve-tube, of the ventral nerve-root. mf Nerve- 

tubes. int Transsected nerve-tubes, v Vacuoles which 

possibly also are transsected nerve-tubes. Mnt Millers 

nerve-tubes transsected; those in the one half of the spinal 

cord are only illustrated. mc Neuroglia cell. mm Neu- 

roglia nuclei, situated in the grey substance. fi, fy Neu- 

roglia fibres. ep, €p,, €p3 Processes from the cells sur- 

rounding the central canal. » Nuclei of the sheath en- 

veloping the nerve-tubes of the dorsal nerve-root. 

Fig. 93. A. The transsected spinal ganglion, through which the 

nerve-tubes of the dorsal nerve-root pass. At a the 

nerve is somwhat shortened on account of the limited 

space of the plate. sh Wall of connective tissue surround- > 

ing the cavity in which the spinal cord 'is situated. 

sge Transsected ganglion cells. m” Nuclei situated in the 

sheaths of the ganglion cells. vr Ventral ramus issuing 

from the ganglion. dr Dorsal ramus issuing from the 

ganglion.  Nuclei situated in the sheaths of the nerve- 

tubes of the latter ramus. (Hardened in Potassium bi- 

chromate (2—3 %,), Stained with neutral borax-carmine). 

» 94. (Magnified 154 diameters; Zeiss CC, 1.) Part of a trans- 

verse section through the spinal cord. mp Mixed process 

of åa ganglion cell (which was not, hower, seen in the 

section). pbr Protoplasmic branches given off from this 

process. gc, 90 Ganglion cells. mpr Nervous processes. 

ppr Protoplasmic processes. mf,nfj, nfy Nerve-tubes or 

fibrillæ some of which (mf, mf») have varicose thickenings 

and give off branches. cec Cell of the epithelium sur- 

rounding the central canal. grs Border of the grey sub- 

stance. (Stained according to the chromo silver method, 

vide pp. 177)! 

» 95. (Magnified 132 diameters; Zeiss AA, 4.) Part of a trans- 

verse section of the spinal cord. The letters have the 

same signification as in fig. 93. grs Border ofthe grey sub 

på 
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stance. cec Fpithelium surrounding the central canal. 

npr Nervous process. mbr Sidebranch of the nervous 

process. mbr Main branch of the mixed process from 

MØN or, 5r,  Branches given off from the same process. 

nt Obliquely transsected nerve-tube from the ventral 

nerve-root (vnr,). (Fixed in saturated aquous solution of 

picric acid, stained according to Heidenhain's hæmo- 

toxylin method). 

(Magnified 950 diameters; Zeiss. Hom. im. '/j5, 1). The 

ganglion cell 74c of fig. 95, more lighly magnified. mp Mixed 

process. pp Protoplasmic process. wv, v Transsected, 

lightly staining tubes (probably bundles of primitive tubes). 

em Sheath enveloping the cell. da Cavity, filled with a 

lightly staining, reticular substance, between the sheath 

and the protoplam of the cell. 

97—99. (Magnified 950 diameters; Zeiss. Hom. im !'/8, I.) 

I OO. 

Transsected ganglion cells of a spinal ganglion. mn,” Nuclei 

situated, generally, inside the sheath enveloping the cell. 

Nucleus situated in the sheath of a process. gr Dark 

granules, occurring inside the sheaths (possibly artifical 

products in the sections). v Transected, lightly staining 

tubes (probably bundles of primitive tubes). æx Hyaline 

olpan (or cell?) situated m the surface of the cell. 

N Elongated nucleus situated in this organ. N”* Another 

nucleus (?) situated in the same organ. pr Process issuing 

pene Cell; åt a the sheath 'of this process is only 

transsected; we do not, therefore, see the origin of the 

process-contents in the protoplasm of the ganglion cell. 

pn Nucleus situated in the sheath of the process. mt Nerve- 

tube. fm Nucleus situated in the sheath of the nerve-tube. 

(Hardened in potassium bicromate (2—3 /,) stained with 

neutral borax-carmine). 

Meennednnso Miameters; Zeiss.  Hom. 1m. "jg, 2) 

Transsected nerve-tubes from a transverse section of the 

white substance. int Large nerve-tubes (Miillers nerve- 

tubes) int” Such tubes in which a slight concentration 

towards a deeply staining axis is visible. mt Transsected small 

nerve-tubes. t Tubes or cell-processes running transversally 

between the longitudinal nerve-tubes. / Neuroglia fibres, 

which are, however, slightly visible in this section. (Fixed 

in saturated aqvous solution of pierie åcid, stained ac- 

cording to Heidenhain's hæmatoxylin method). 
TAP 
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Fig. 101. (Magnified 620 diameters; Zeiss. F,1.) Pale 

verse section through the white substance (of the ventral 

side of the spinal cord. The neuroglia fibres (f) running 

transversally between the transsected mnerve-tubes are 

here very distinctly visible. åa External layer where these 

unite with the sheath (pm), enveloping the spinal cord. 

Int Transsected large nerve tubes, where the contents (e) 

has skrunk into one side and is deeple stained. ce Contents 

(skrunk in the same way) of the small longitudinal nerve- 

tubes. mf Slender nerve-tubes running in the external 

layers of the white substance. (Hardened in alcohol, 

stained according to Heidenhains's hæmotoxylin method). 

Plate AT 

The illustrations of this plate (exept fig. 109 & 113) are taken 

from chromo-silver stained sections of the spinal cord of Myxine 

glutinosa. They are drawn under the camera lucida. 

Fig. 102. (Magnified 154 diameters; Zeiss CC, 1.) Part of a trans- 

verse section through the spinal cord of Myxine. ge Gang- 

lion cell. mpr Mixed process. br, bry, br3 ,bry Branches 

given off from this process. pr Protoplasmic (?) process, 

which, however, seem to return into the white substance. 

mpr, Mixed process of a cell which is not seen in the 

section. ppr Protoplasmic process of a cell which is not 

seen in the section. mf,nf”,nf”” Nerve-tubes or fibrillæ, 

running transversally, in various directions in the grey 

and white substance. vmr Ventral nerve-root. v Vacuole, 

possibly transsected nerve-tube. pec Fpithelial cell with 

process, stained for considerable distance through the 

grey tubstance. grs Border of the grey substance. 

» 103. (Magnified 150 diameters; Zeiss«CC, mØPariog 

transverse section through the spinal cord of Myxine. 

96, 96, gc3 Ganglion cells. mp Nervous processes. ppr Pro- 

toplasmic processes. a Place where a branch is given off 

from the nervous process np”. muc,, nu Neuroglia cells. 

nf, nf”,nf” Nerve-tubes. ec Epethelial cells surrounding 

the central canal. grs Border of the grey substance. 

dnr Dorsal nerve-root. 

2 104. (Magnified 200 diameters). Ganglion cell, from a trans- 

verse section of the spinal cord of Mywxine. sh Sheath 
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105. 

106. 

107. 

108. 

109. 

I IO. 

enveloping the spinal cord. grs Border of the grey sub- 

stance. mp Nervous process. ppr Protoplasmic process. 

(Magnified 130 diameters). Ganglion cell, from a trans- 

verse section of the spinal cord of Myxine. mp Nervous 

Process or mixed process. ppr Protoplasmic process. 

vnr Nerve-tube of the ventral nerve-root. sh sheath enve- 

loping the spinal cord. 

(Magnified 130 diameters). Ganglion cell, from at trans- 

verse section of the spinal cord of Myxine. vnr Nerve- 

tube (of the ventral nerve-root) springing directly from 

the ganglion cell. sh Sheath envoloping the spinal cord. 

(Magnified 130 diameters). Mesial part of a transverse 

section through the spinal cord of Mywine. Plenty of 

nerve-tubes (nø) are seen in the section crossing the 

transverse commissures. ee Central canal. v Vacuoles. 

cec Central epithelial cells with stained processes. sh Sheath 

enveloping the spinal cord. 

(Magnified 200 diameters). Neuroglia cells with their 

processes from a transvefse section of the  spinal cord. 

The black body in the centre is probably produced arti- 

ficially by the staining of several cells situated close 

together. sk Sheath enveloping the spinal cord. 

(Magnified 500 diameters). Part of a transverse section 

through the white substance of the spinal cord, showing 

how neuroglia fibres gather round the mnerve-tubes of 

the ventral nerve-roots. p Ventral periphery of the spinal 

cord. grs Border of the grey substance. wvmr Nerve-tube 

of the ventral nerve-root. br Side-branch given off from 

this nerve-tube. / Neuroglia-fibres. me Neuroglia-cells. 

ge Ganglion cell. pr Protoplasmic process. (Fixed in 

saturated aqveous solution of picric acid, stained in accor- 

dance with Heidenhain's hæmatoxylin method). 

(Magnified 500 diameters).  Neuroglia-fibres running trans- 

versally between the large nerve-tubes (Miller's nerve- 

tubes) in the white substance; from a chromo-silver stained 

transverse section of the spinal cord of Myxine. mnuf Neu- 

roglia-fibres.. Mmnt Millers nerve-tubes. pe Ventral peri- 

phery of the white substance. 

(Magnified 80 diameters.) Part of åa chromo-silver stained 

horisontal section of the spinal cord of Myæine; exhibiting 

the dichotomous subdivisions of the nerve-tubes of the 
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nerve-root. dnr Dorsal nerve-root. a Nerve-tube subdi- 

viding outside the spinal cord. pe Periphery of the spi- 

nal cord. cc Central canal. Int Longitudinal nerve-tubes. 

lmt Longitudinal nerve-tubes giving oft side-branches. smi 

Subdividing nerve-tube. sm” Subdividing nerve-tube cros- 

sing the central canal. 

Fig. 112. (Magnified 160 diameters.) - Part of åa chromo-silver stained 

horisontal section of the spinal cord. The letters have 

the same signification as in fig. III. br Slender branches 

given off from the nerve-tubes' of the dorsal nerve-root. 

» 113. Diagrame of the reflex-curve The large arrows indicate 

the way the irritation of a sensitive nerve-tube has to 

pass to produce a reflex-movement. SN Centripetal (sen- 

sitive) nerve-tube. dd Dotted substance or interlacing of 

nervous fibrillæ in the central nerve-system. MN Centri- 

fugal (motoric) nerve-tube. 

The small arrows indicate the way small parts of the 

irritation of the centripetal (sensitive) nerve-tube pass to 

arrive in other parts of the central nerve-system. 1 Nerve- 

tube passing to the brain. 2 Longitudinal nerve-tube 

running along the spinal cord, whilst giving off side-branches. 

sne The nutritive centre of the centripetal nerve-tube 

(i. e. spinal ganglion cell). cne The nutritive centre of å 

part of the fibrillæ forming the dotted substance or inter- 

lacing of nervous fibrillæ (i. e€. ganglion cell of the central 

nerve-system). mme The nutritive centre of the centrifugal 

nerve-tube (i. e. ganglion cell of the central nerve-system). 

ppr Nutritive (i. e. protoplasmic) processes sometimes 

issuing from the nutritive centres, and penetrating towards 

the periphery of the central nerve-system or towards 

blood-vessels to absorb nutrition. a&b Periphery of the 

central nerve-system. 

$ 
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Li dem Garten eines hiesigen öffentlichen Institutes war ein 

kleines Stickchen, das bisher immer Gras getragen hatte, mit Kar- 

toffeln bestellt worden. Beim Aufnehmen der Knollen zeigten sie 

sich sehr stark von einer eigenthihmlichen Krankheit angegriffen, die 

mir zu nåherer Untersuchung ibergeben wurde, wobei sich heraus- 

stellte, dass die Krankheit eine in Norwegen sehr håufige war, die 

als »Skurv« bezeichnet wird. »Skurv« bedeutet dasselbe wie das 

deutsche »Schorf« oder »Grind« und wie man aus der nachfolgenden 

Beschreibung sowohl wie aus der Zeichnung sehen wird, ist die hier 

behandelte Krankheit der Kartoffeln der in Deutschland so håufig 

auftretenden »Schorf« oder »Grind« ganz åhnlich, iber deren Ursache 

so viele verschiedene Meinungen geåussert worden sind, ohne dass 

man bisher zu einem endgiiltigen Resultate gekommen sei. Ich halte 

in der That beide Krankheiten fir identisch, und werde deshalb im 

folgenden die norwegische Kartoffelkrankheit, die ich behandeln 

werde, einfach »Schorf<« oder »Grind« nennen. Sollten spåtere Un- 

tersuchungen zeigen, dass ich mich geirrt habe, und dass ich es mit 

einer anderen'Krankheit als dem eigentlichen »Schorf« zu thun gehabt 

habe, dann verlieren die Ergebnisse meiner Untersuchung dadurch 

nichts an Werth, nur betreffen sie dann eine dem Schorf sehr 

åhnliche aber nicht damit identische Krankheit. Indessen spricht 

alles dafir, dass ich es mit dem wirklichen »Schorfc zu thun gehabt 

habe; sogar der mikroskopische Befund in seinen gröbsten Ziigen 

stimmt ganz mit dem för »Schorf« angegebenen uberein, wåhrend 

allerdings die genauere Untersuchung mir eine ganz andere Meinung 

von der Ursache der Krankheit beigebracht hat wie die gewöhnliche. 

Die Krankheit besteht darin, dass die sonst glatten Schalen der 

Kartoffeln eng umschriebene, rundliche oder mehr unregelmåssige, 

braune Flecken erhalten, die aus 1—2 Mm. dicken, braunen Krusten 

gebildet sind. Die Substanz dieser Krusten ist an der frischen 

Knolle ziemlich weich, wird beim Austrocknen aber krimelig und 

briichig, und löst sich manchmal unschwer von der Knolle ab, indem 

Ba 



die Kruste, durch eine im Umkreise des kranken Fleckens mit der 

Korkbedeckung der Knolle zusammenhångende Korkschicht, von 

dem gesunden Gewebe abgeschlossen wird. An den von mir zuerst 

untersuchten Knollen waren die kranken Flecken oft sehr gross und 

flossen an den Råndern zusammen, grosse ganz unregelmåssige, oft 

beinahe die ganze Knolle bedeckende Krusten darstellend; meistens 

sind sie doch viel kleiner, oft nicht grösser wie 1—2 Mm. im Durch- 

schnitt. Die Krusten werden sehr håufig von Thieren (Larven etc.) 

gefressen, so dass an vielen Stellen das ganze kranke Gewebe weg- 

gefressen ist, und die Knolle deshalb, statt der Erhöhungen, krater- 

artige Vertiefungen mit leicht erhabenen Råndern aufweist. Eine 

kranke Knolle ist in Fig. 2 Taf. I abgebildet. Bei a, åa sieht man 

die noch mit den Krusten bedeckten kranken Flecken, bei b sind 

einige der ihrer Krusten berautten, deshalb kraterartig vertieften 

Stellen wiedergegeben. 

Nach der jetzt gewöhnlichen Meinung soll der »Schorf« in der 

Bodenbeschaffenheit seine Ursache haben. In welcher Weise 

die Bodenbeschaffenheit die Krankheit verursachen soll, dariiber sind 

allerdings die Meinungen getheilt. Frank und Sorauer schliessen 

sich in ihren Handbuchern der Pflanzenkrankheiten im wesentlichen 

der Meinung Schacht's an,!) nach welcher durch ibermåssige Feuch- 

tigkeit verursachte Lenticellenwucherung die einleitende Ursache 

der Krankheit sei. Aus irgend einer Ursache soll das lockere 

Fillgewebe der Lenticellen absterben, und von diesen Ausgangs- 

punkten aus ein weiteres Absterben und Faulen des Knollengewebes 

stattfinden. Frank*) fasst dementsprechend die Krankheit als eine 

besondere Art von Wundfåule auf, wåhrend sie von Sorauer*) 

unter den durch »ungiinstige chemische Bodenbeschaffenheit« ver- 

ursachten Krankheiten aufgefuhrt wird. 

Nach der Meinung der praktischen Landwirthe soll, wie es scheint, 

nicht die Feuchtigkeit, sondern vielmehr das Mergeln oder Kalken 

die Krankheit verursachen, eine Meinung, die allerdings durch die 

mit Kalkdiingung angestellten direkten Versuche (cfr. Heiden in 

Just's Jahresbericht Bd. IX,2,p.731) nicht beståtigt worden ist, und 

nach welcher der Schorf also doch auch zu den nichtparasitåren 

Krankheiten gehören sollte. 

1) Bericht tiber die Kartoffelpflanze und deren Krankheiten. Berlin 1856. . 

2?) Handbuch der Pflanzenkrankheiten p. 140. 

3) Handbuch d. Pflanzenkrankheiten 1886 p. 227. 
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Dieser Meinung entgegen bin ich nun zu der Ueberzeugung ge- 

kommen, dass wir es in dem Schorf mit einer parasitåren Krank- 

Me zZu thun haben, der durch einen parasitischen Pilz, 

und zwar einen Plasmodiophora-åhnlichen Myxomyceten, 

verursacht wird. 

In der, wesentlich auf die Untersuchungen Schacht's gestutzten, 

Beschreibung Franks von der uns interessirenden Krankheit, werden 

in den Zellen der Schorfstellen »gelb- oder braungefårbte Ballen des- 

organisirter Substanz« erwåhnt, welche an Stelle der verschwundenen 

Stårkemehlkörner getreten seien. Solche gelb- oder braungefårbte 

Ballen fand ich bei der von mir untersuchten Krankheit sehr reichlich 

vor. Fast jede Zelle der Schorfstellen enthielt einen solchen rund- 

lichen, beinahe undurchsichtigen Ballen. In Fig. 3 ist ein Durch- 

schnitt eines ganz kleinen Schorffleckens bei schwacher Vergrösserung 

abgebildet, und diese Ballen (b, b) sind in den Zellen deutlich sichtbar. 

Sie sind so tief nach innen zu finden, wie die kranke Schorfstelle 

selbst sich ausbreitet; sind aber nie in dem gesunden Gewebe 

unterhalb der Schorfstelle vorhanden. 

Bei oberflachlicher Betrachtung scheinen die Ballen in der That 

aus desorganisirter Substanz zu bestehen. Sieht man aber genauer 

zu, wird man an einzelnen Ballen eine bestimmte Structur wahr- 

nehmen können, indem sich die Oberflåche derselben als aus mehr 

oder minder regelmåssigen Sechsecken zusammengesetzt herausstellt. 

An den Ballen in natirlichem Zustande, ohne Behandlung mit Rea- 

gentien, ist diese Structur schwer sichtbar und blos an einzelnen 

Ballen zu bemerken. Durch Behandlung des schorfigen Gewebes 

mit Aufhellungs- und Quellungsmitteln (H,S0,, KHO und Eau de 

Javelle) wird die Structur aber deutlicher sichtbar und man wird 

sich leicht uberzeugenr können, dass nicht blos einzelne Ballen sie 

zeigen, andere structurlos sind, sondern dass sie alle ohne Ausnahme 

genau gleich organisirt sind, und von der Oberflache gesehen das 

Bildmzepen, das in Fig. 4 abgebildet ist. Sie sehen so aus als 

penensie aus eckigen Zellen pebildete Kugel, wo die 

Kugelwandung allerdings von grösseren Löchern durch- 

prochen' ist. 

Ueber die nåhere Structur der Ballen gelangt man jedoch 

ohne weiteres nicht zur Klarheit. Das Innere der durchlöcherten 

Hohlkugel habe ich durch keine der gebråuchlichen Reagentien 

so aufhellen können, dass seine Structur sichtbar wurde. Die 
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Zellwinde der die Hohlkugel zusammensetzenden Zellen sind 

braun und undurchsichtig und lassen sich nicht durch Quellungs- 

mittel aufhellen. Besser wird man iber die Structur der Ballen klar, 

wenn man ganz dinne Durchschnitte durch denselben anfertigt und 

— nach Fårbung — in Canadabalsam einlegt.') Fin solcher Schnitt 

ist in Fig. 5 abgebildet. Wenn man dieses Bild mit der Fig. 4 com- 

binirt, sieht man, dass die Ballen durchlöcherte Hohlkugeln 

darstellen, deren Inneres von einem Netz-**oderbalker: 

werke durchsetzt wird, und dass alles, Kugelwandung so- 

wohl wie Balken, aus kleinen polyedrischen Zellen besteht. 

Die den Ballen aufbauenden Zellen sind mit einer deutlichen 

Wandung versehen, der sich besonders durch Håmatoxylin leicht 

fårben låsst, und haben einen Inhalt, der sich durch Anilinfarben ziem- 

lich stark tingirt, in der aber, wegen der Kleinheit der Zellen, keine 

deutliche Organisation erkennbar ist. An einzelnen Håmatoxylinprå- 

paraten habe ich doch in Inneren der Zellen einen Punkt gesehen, 

der stårker wie der ibrige Inhalt gefårbt war, und der wahrschein- 

lich der Zellkern gewesen ist Die Zellen sind durchschnittich etwa 

3.5 Mik. gross. Durch Kochen der Ballen mit Kalilauge lösen sie 

sich soweilt von einander ab, dass man sie durch Quetschen ganz 

von einander lostrennen kann, so dass die Ballen in die kleinen 

— jetzt abgerundeten und gequollenen — Zellen zerfallen. Durch 

Jodreagentien (auch (Chlorzinkjod) werden die Ballen gelb- bis 

braungefårbt; irgend eine blaue Stårke- oder violette Cellulosefårbung 

låsst sich nicht hervorrufen. 

Nach der beschriebenen Organisation der Ballen, sind dieselben 

nicht mehr als »desorganisirte Massen« zu betrachten, sondern 

dirfen mit Sicherheit als zu irgend einem Parasiten gehörend 

angesehen werden, trotzdem es mir bis jetzt nicht gelungen ist, die 

weitere Entwickelung der wohl als Sporen aufzufassenden kleinen 

Zellen zu verfolgen. Låsst man die kranken Kartoffeln in Wasser 

liegen, wo dann mit der Zeit das ganze innere Gewebe wegfault und 

von Bakterien aufgelöst wird, bis nur die Korkschale iibrig ist, 

dann bleiben die Schorfflecken mit ihren Pilzkörperchen noch er- 

halten. Nur sind — nach 4—5 Wochen — die Ballen, wie mir scheint, 

etwas durchsichtiger wie vorhin und etwas, wenn auch wenig, ge- 

quollen. Irgend eine Keimung habe ich nicht beobachtet, trotzdem 

1) Es ist selbstverståndlich ganz unmöglich solche Schnitte durch die sehr 

kleinen Ballen zu erhalten, wenn man nicht in Parafin oder Celloidin einlegt und 

mit dem Mikrotom schneidet. 

å nå 
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ich wåhrend langer Zeit in der verschiedensten Weise versucht habe 

sje hervorzurufen. 

Das vorhin beschriebene Stadium der Krankheit, wo die Schale 

der Kartoftel von braunen Krusten bedeckt ist ist nicht das ur- 

springliche, wenn es auch das einzige ist, dass wie ich vermuthe, 

meme: beobachtet worden ist. Die braunen Krusten oder 

esken entwickeln sich nåmlich aus Knoten oder Er- 

Høhønsen, die vom normalen Korke der Kartoffelknolle 

medeelt und deshalb ganz glatt sind. 

In einem Stadium der Krankheit, welches dem vorher beschriebenen 

und in Fig. 2 abgebildeten vorangeht, sind die Knollen mit glatten, 

rundlichen Warzen besetzt, die anscheinend ganz gesund sind, und 

deshalb wohl auch mit zufålligen knotigen Auswichsen an gesunden 

Knollen verwechselt, und nicht bemerkt worden sind. Eine mit 

solchen Knoten reichlich bedeckte Knolle ist in Fig. I abgebildet. 

Wenn die Knoten oder Emergenzen so zahlreich sind wie in diesem 

Falle, ist ja das Aussehen der Knolle schon beim ersten Blick auf- 

fallend; wenn die Knoten aber — und das ist der gewöhnlichere Fall 

— wenig zahlreich sind, sehen die Knollen vollståndig gesund aus, 

und man iibersieht die Krankheit ganz. | 

Die Oberflåche dieser Emergenzen ist, wie schon gesagt, ganz 

glatt und von normalem Aussehen, das Innere fest und gesund. 

Sieht man aber nåher zu, wird man an Durchschnitten durch die War- 

zen bemerken, dass das Gewebe derselben sich von dem iibrigen, 

gelblichen Gewebe der Knolle durch seine weissliche Farbe aus- 

zeichnet. Diese Fårbung geht nicht tief hinein und ist nach innen 

Banzschart begrenzt. In Fig. 7, Taf. I sind — in natirlicher 

Grösse — zwei Durchschnittsfragmente durch kranke Kartoffeln im 

ersten Stadium der Krankheit abgebildet. Die graugezeichneten 

Parthien deuten die Ausbreitung des weisslichen Gewebes an. 

In dem weisslichen Gewebe der kranken Emergenzen sind An- 

fangs keine der, wie wir jetzt wissen aus polyedrischen Zellen 

bestehenden, Ballen vorhanden. Dagegen sind die Zellen schon 

Stårkefrei oder stårkearm, ebenso wie es in dem spåter den 

Ballen enthaltenden Gewebe der Fall ist und enthalten undiffe- 

renzierte Plasmamassen, die kleiner oder grösser sein können, 

manchmal die ganze Zelle ausfullen, manchmal verhåltnissmåssig 

wenig umfangreich sind, und entweder um den Zellkern der Kar- 

toffelzellen herumgelagert sind oder sich im wandståndigem Plasma 

aufhalten. 
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Anfangs sind diese Plasmamassen ganz formlos, von unregel- 

måssig körniger Beschaffenheit. Spåter runden sie sich nach Aussen 

ab und nehmen wohl meistens die Mitte der Zelle ein, deren eigener 

Zellkern jetzt nicht mehr aufzufinden ist, und deren ilbriger Inhalt 

auch zum grössten Theile verschwunden ist. Bald nachher wird 

auch eine Structur der Plasmaklumpen sichtbar. Sie gestalten sich 

zu Gebilden von der Structur eines groblöcherigen Waschschwammes, 

wobei das Plasma die Substanz zwischen den Poren darstellt, die 

Poren selbst von zellsafterfullten Hohlråumen repråsentirt wird. In 

Fig. 6 PI. I sind zwei Zellen, die solche Plasmaschwåmmechen ent- 

halten, dargestellt. Das Plasma ist in diesem Stadium — besonders 

nach Fårbung — voll grosser Körner, von denen wohl einige Zell- 

kerne darstellen. Es fårbt sich sehr leicht mit Anilinfarben und 

giebt mit Millons Reagens deutliche Eiweissreaktion. 

Kurze Zeit nach der Entstehung der Schwammstruktur differenziert 

sich das Plasma weiter in den vorher beschriebenen Zellen, wobei die 

Schwammstructur beibehalten und fixirt wird und der Parasit, so weit 

wir ihn bis jetzt kennen, in sein vollkomnestes Entwickelungsstadium 

eingetreten ist. Jetzt — oder kurz vorher — verlieren die vom Para- 

siten bewohnten Zellen ihren Turgor; die glatten Warzen schrumpfen, 

nehmen braune Fårbung an, und der typische »Skurv<« ist vorhanden. 

Der hier beschriebene Parasit ist, nach dem was wir bis jetzt 

wissen, wohl am nåchsten mit Plasmodiophora Brassicac verwandt. 

Im ersten Entwickelungsstadium, den wir auch als Plasmodiumstadium 

bezeichnen können, sieht in der That das kranke Gewebe von 

Plasmodiophora angegriffenem Kohlwurzelgewebe auffallend åhnlich. 

Bei der Differenzierung des Plasmas in den mit Wand versehenen Zellen 

(Fig.4u.5, Taf. I), macht sich aber ein auffallender Unterschied zwischen 

Plasmodiophora und unserem Pilz bemerkbar. Bei Plasmodiphora 

Brassicae isoliren sich die Sporen von einander und fillen als dicht 

gedrångter Haufen die angegriffenen Zellen aus; sie liegen wie Erbsen 

in einem Sacke. Bei dem Parasit der Kartoffelknollen dagegen blei- 

ben die als Sporen aufzufassenden Zellen mit einander fest verbun- 

den, und bilden zusammen einen eigenthumlich geformten, rundlichen, 

von Hohlråumen oder Kanålen durchsetzten, schwammartigen Körper.*) 

1) Wenn der Pilz in derselben Weise wie Plasmodiophora keimen sollte, ist 

der Zweck der Hohlråume und Kanåle leicht verståndlich. Betrachtet man die Fig. 5 

der PI. I wird man bemerken, dass beinahe jede Zelle des Pilzkörpers unmittelbar 

an einen Hohlråum, grenzt sofern sie nicht die freie Oberflåche einnimmt. Wenn 

nun jede Zelle eine bewegliche Schwårmspore producirt, ist durch die Kanåle die 

Möglichkeit gegeben, dass såmmtliche Schwårmer direkt ind die umgebende Flis- 

sigkeit hineinschwimmen können. 



Der Parasit der Kartoffeln durfte deshalb am besten in eine andere 

Gattung als Plasmodiophora gesetzt werden. Als Gattungsname 

schlage ich — wegen der waschschwammåhnlichen Structur des 

Pilzkörpers — Spongospora vor, und der Parasit mag demnach 

Spongospora Solami genannt werden.) 

Was das Vorkommen des Spongospora betriftt, ist derselbe hier 

in Norwegen åusserst verbreitet; wenn es sich beståtigen sollte, was 

ich sicher glaube, dass der Pilz die Ursache der in Deutsland »Schorf< 

genannten Krankheit ist, und vielleicht auch der »Scab« der Eng- 

lånder, wiurde auch sonst die Verbreitung eine ganz ansehnliche sein. 

Hier in Norwegen ist die Krankheit besonders im westlichen Theile 

so ungemein håufig, dass man nur mit Mihe eine ganz und gar 

gesunde Knolle findet. Beinahe jede Kartoffelknolle zeigt bei ge- 

nauer Untersuchung wenigstens ein paar ganz kleine Schorfflecken. 

Nur selten aber, und zwar besonders an sehr feuchten Stellen, greift 

die Krankheit so um sich, dass die Kartoffeln ein Aussehen erhalten 

wie das in Fig. I u. 2 abgebildete, und auch in diesem Falle schadet 

die Krankheit den Knollen nur insofern als ihr Aussehen leidet und 

der Verkaufswerth verringert wird. Beim Schålen der Kartoffeln 

werden ja so wie so die kranken Theile entfernt und die angegriffe- 

nen Knollen sind dann ebensogut wie gesunde. In gewissen Ge- 

genden Norwegens behauptet man sogar schorfige Kartoffeln seien 

besser wie gesunde, was wohl Uebertreibung sein dirfte. 

Ob die Grössenausbildung der Knollen durch die Krankheit 

leidet, vermag ich nicht mit Sicherheit zu sagen, indem selbst sehr 

grosse Knollen stark angegriffen sein können.*) Die meisten stark 

angegriffenen Knollen dirften doch klein bleiben, was aber nicht 

eine direkte Wirkung der Krankheit zu sein braucht, indem ein 

starker Anegriff des Parasiten gewöhnlich mit sehr ungiinstiger 

Bodenbeschaffenheit zusammenhångt. 

Fin merkwiirdiger Umstand ist es, dass die beiden stårksten 

Angriffe des Parasiten, die ich kennen gelernt habe, und die ausser- 

ordentlich stark waren, an Stellen auftraten, wo seit vielen Jahren 

keine Kartoffeln gebaut worden waren. Die Krankheit wurde ja un- 

1) Die Publizirung dieser Arbeit ist durch zufållige Umstinde verzögert worden, 

so dass eine kurze Notiz iiber den Pilz in »De vigtigste Plantesygdomme» (Juni 

1886) zuerst erschien. 

?) Fir die Abbildung wurden absichtlich kleine Exemplare ausgewåhlt. 
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zweifelhaft mit den Saatkartoffeln auf den Acker gebracht; indessen 

scheint es mir, dass diese Art der Infection nicht ausgiebig genug 

gewesen sein kann, um den ausserordentlich starken Angriff zu er- 

klåren, der sich in beiden Fållen zeigte. Ich möchte eher glauben, 

dass der Parasit in dem Boden saprophytisch fortleben kann, wenn 

ihm die Gelegenheit genommen ist Wirthpflanzen zu finden. Hier- 

aus wiirde folgen, dass Fruchtwechsel und reines Saatgut ungeniigend 

sei um der Krankheit Finhalt zu thun, und die direkten Versuche, 

die ich bis jetzt gemacht habe, scheinen in der Tønder 

nahme zu beståtigen. Indessen sind weitere Experimente nothwendig 

um diesen Punkt sicher zu entscheiden. 

Figurenerklårung. 

PINE 

Spongospora Solani nov. gen. et. sp. 

Fig. 1. Eine Kartoffelknolle mit von den Plasmodien des Spongospora 

verursachten, warzigen Emergenzen. (Nat. Gr.). 

» 2. Kartoffelknolle mit »Skurvflecken« dessen Zellen die Sporen- 

ballen des Parasiten einschliessen. (Nat. Gr.). 

» 3. Durchschnitt durch einen kleinen »Skurvflecken«. b,b Die 

Sporenballen. (Schwach vergrössert). 

4. Ein Sporenballen von Aussen gesehen. (1000 Mal ver- 

grössert). 

» 3. Ein dinner Durchschnitt durch einen Sporenballen. (1000 

Mal vergrössert). 

» 6. Zwei plasmodienfihrende Zellen; die Plasmodien haben 

Schwammstruktur angenommen. (400 Mal vergrössert). 

. Durchschnitte durch die in Fig. r1 abgebildeten Warzen. 

NaØNGe.): 
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-— Zur Bekåmpfung der Kohlhernie. 

Von 

Dr. J. Brunchorst. 





Men die durch Plasmodiophora Brassicae verursachte Krank- 

heit der verschiedensten Kohlvarietåten wird als bestes Mittel Frucht- 

wechsel angegeben. Es ist auch unzweifelhaft, dass dieses Mittel 

fir diejenigen von der Krankheit heimgesuchten Pflanzensorten, welche 

direct auf dem Felde gesået werden, von grossem Erfolge ist. 

Anders stellt sich aber die Sache bei gerade den werthvollsten 

Kohlsorten, die im Mistbeete gesået und erst spåter auf den Acker 

ausgepflanzt werden. Dieselben werden, wie ich mich uberzeugen 

konnte, håufig krank, wenn auch das betreffende Feld nie, oder seit 

vielen Jahren nicht, Kohl oder andere Wirthpflanzen des Plasmodio- 

phora getragen hat. Dies rihrt wenigstens sehr håufig daher, dass 

die Såmlinge schon im Mistbeete inficirt werden und die verhee- 

rende Krankheit auf das Feld mit sich tragen. 

Auch wenn das Feld, wo die Såmlinge ausgepflanzt werden, 

inficirt ist, hat, wie der folgende Fall zeigt, die Infektion im Mist- 

beete einen sehr grossen Einfluss auf die Anzahl der angegriffenen 

Pflanzen und somit auf den Ertrag des kranken Feldes. In einem 

Garten dicht bei Bergen war selt etwa zwanzig Jahren immer auf 

demselben Felde Kohl (Kopfkohl und Grinkohl) gepflanzt worden. 

Hernie war seit Jahren aufgetreten und richtete jåhrlich so ausser- 

ordentliche Verheerungen an, dass von hundert Kohlpflanzen ge- 

wöhnlich kaum zehn zu normaler Entwickelung gelangten. Voriges 

Jahr wurde wieder Kohl gepflanzt und wie gewohnlich bot das Feld 

einen sehr traurigen Anblick dar, indem die uberwiegende Anzahl 

der Pflanzen sehr zuriickblieben oder ganz ausgegangen waren. Bei 

genauerer Durchmusterung des Stiickes zeigte sich nun aber, dass 

ein bestimmter Streifen einen viel grösseren Prozentsatz gesunder 

Pflanzen darbot wie der ibrige Theil. Der Streifen zeigte, was Bo- 

denbeschaffenheit und Culturverhåltnisse betrifft, gar keinen Unter- 

schied von dem ibrigen Theile; auf Nachfrage stellte sich aber fol- 

gendes heraus. Beim Aussåhen der Pflanzen in dem gewöhnlichen 



Mistbeete war eine Portion Samen ibrig geblieben; dieser Theil 

wurde in einem Kasten ausgesået, der niemals Kohl oder åhnliche 

Pflanzen getragen hatte, wåhrend das Mistbeet schon lange im Ge- 

brauch gewesen und voraussichtlich inficirt war. Mit den in dem 

Kasten aufgewachsenen Pflanzen war der verhåltnissmåssig gesunde 

Streifen des Feldes bestellt worden. Aehnliche Erfahrungen sind 

mir auch von einer anderen Stelle, wo die sogenannte »Knop< oder 

Hernie verheerend auftritt, mitgetheilt worden, und die Praxis be- 

ståtigt also die Annahme, die man schon aus theoretischen Grinden 

machen wurdc: sogar wenn man, der Umstånde wegen, ein inficirtes 

Feld zum Auspflanzen von Kohl benutzen muss, spielt es in Bezug 

auf die Grösse des Ertrages eine bedeutende Rolle, ob die Såmlinge 

im gesunden oder inficirten Boden aufgewachsen sind. 

Die Bestellung der Mistbeete mit unzweifelhaft gesunder Erde 

ist also in Gegenden wo die Kohlpflanzen-Hernie auftritt, von der 

grössten Bedeutung als Vorbeugungsmittel gegen die Krankheit. 

Es leuchtet aber ein, dass es gerade in solchen Gegenden nicht 

leicht ist ganz gesunde Erde zu beschaffen. Theils dirfte es manch- 

mal schwer sein, gesunde Erde zu finden, die gleichzeitig die Ubrigen 

Bedingungen, die man an eine gute Mistbeeterde stellen muss, 

ausfillt; besonders dirfte es aber åusserst schwierig sein, es zu 

vermeiden, dass die gesunde Erde, wenn man sie einmal hat, nicht 

durch die Geråthschaften oder durch hundert andere Zufålle in- 

ficirt wird. 

Fir die Bekåmpfung der Hernie wirde es aus den dargelegten 

Griinden schon sehr vortheilhaft sein, wenn man ein Mittel finden 

könnte um den Boden der Mistbeete zu desinficeren. Das beste 

wåre selbstverståndlich, wenn man das Feld selbst kinstlich entpilzen 

könnte; ein Mittel dies zu erreichen wirde aber wahrscheinlich so 

kostspielig sein, dass es nicht anwendbar wåre und ich beschrånkte 

mich deshalb darauf ein Desinfektionsmittel fir Mistbeete ausfindig 

zu machen. 

Der stark inficirtte Boden des oben erwåhnten Gartens bot mir 

die Gelegenheit Versuche in dieser Richtung anzustellen. Eine Pe- 

troleumfoustage deren beide Böden zuerst mit je 57 grossen Lö- 

chern versehen worden, wurde dquer durchschnitten, die beiden 

Hålften gut ausgekocht, um den Petroleumgeruch zu entfernen, und 

mit den Oeffnungen nach oben in den Boden des inficirten Feldes 

eingesenkt, so das die Rånder ungefåhr zwei Zoll hoch iuber die 

LØP Y 
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Bodenoberflåche hinausragten. Die Fasshålften wurden darauf mit 

Erde gefullt, die dicht daneben von dem Felde genommen wurde, 

und die unzweifelhaft stark inficirt war. 

Darauf wurde zur Desinfektion der durch die Fasser eingeschlos- 

senen Bodenmassen geschritten. Als Desinfektionsmittel wurde 

Schwefelkohlenstoff gebraucht, und zwar in folgender Weise. —Jede 

Fasshålfte hatte oben einen Durchmesser von etwa 8 Decimeter; in 

jeder derselben wurde mittelst eines Pflanzstockes sechs Löcher ge- 

macht, eins im Centrum, funf andere in kreisförmiger Anordnung 

zwischen dem Centrum und dem Rande. In jedes der etwa 3 Deci- 

meter tiefen l.öcher wurde etwa 50 Gr. Schwefelkohlenstoff hinein- 

gegossen, so dass auf jede Fasshålfte 300 Gr. verwendet wurde. 

Darauf wurden die Löcher mit Frde gefillt, und das ganze acht 

Tage stehen gelassen, damit der Schwefelkohlenstof sich verflichtige 

und auf den Boden einwirke. Nach acht Tagen wurde sowohl die 

desinficirte Erde wie auch ein Theil des Feldes ausserhalb, aber dicht 

bei den Fåssern, mit einer Anzahl Kohlvarietåten besaet. 

Nach zwei Monaten wurden die Pflanzen ausgegraben und unter- 

such dabei zeigte sich, dass die Schwefelkohlenstoffdesin- 

Kelenoneine sehr gunstige Einwirkung in Bezug auf die 

Håufigkeit der Hernie gehabt hatte. 

Wareriroo Pflanzen des desinficierten Bodens fanden 

sich höchstens 2 kranke. 

bager ro0 Pølanzen des nicht desinficierten Bodens 

waren dagegen mindesten 80 von Plasmodiophora ange- 

ørken. 

In dem Schwefelkohlstoffe hat man folglich in Gegenden, wo 

Plasmodiophora håutig ist, ein ausgezeichnetes Mittel um sich dagegen 

zu sichern, dass die Kohlpflanzen schon im Mistbeete von der sehr 

gefåhrlichen Hernie-Krankheit ergriffen werden und dieselbe auf das 

Feld hinausfiihren. Durch Schwefelkohlenstoffdesinfektion der Mist- 

beete in Verbindung mit verninftigem Pflanzenwechsel wird man 

selbst in stark inficirten Gegenden die Kohlkrankheit bekåmpfen 

können. 





Kartoffelkrankheit. (å Q -— Brunchor 
ens Miuseurn. id 

Leipzig. Lith AnstvJ.G Bach Brunchorst å Bucher jnr. del.ad.nat. 





Von 

Dr. J. Brunchorst. 





Bei den verschiedenen Arten der drei Gattungen Almus, Elå- 

agnus und Hippophåe finden sich bekanntlich eigenthimliche knol- 

lige Anschwellungen an den Wurzeln, welche besonders durch die 

Moöglichkeit dass sie normale, den Leguminosenknöllchen analoge 

Gebilde seien, unser Interesse beanspruchen. Diese Anschwellungen 

haben in der letzten Zeit in ziemlich hohem Grade die Aufmerksam- 

heit der Botaniker auf sich gelenkt und sind der Gegenstand ziem- 

lich verschiedener Deutungen 'gewesen. Die ålteren Anschauungen 

iuber die Natur der Knollen erwåhne ich hier gar nicht — dieselben 

sind in einer anderen Arbeit!) referirt — aber schon die neueren 

und neuesten Arbeiten iber die betreffenden Gebilde bieten merk- 

wirdige Verschiedenheiten in der Auftassung dar, die hier ganz kurz 

karakterisirt werden mögen. 

Woronin*?) fasst die Knollen von fe (die einzigen die er 

kennt) als Pilzgallen auf. Der Pilz sei en Hyphenpilz, Schinzia Almi. 

Warming) untersucht die Eliagmusgallen — die denjenigen 

von Almus ganz åhnlich sind — und glaubt als deren Ursache einen 

parasitåren Myxomyceten (Plasmodiophora) zu finden. 

1) Brunchorst: Ueber Wurzelanschwellungen von Alnus und den Elåagnaceen. 

(Unters. aus dem Bot. Inst. zu Tiibingen. Bd. II, p. 151.) 

2) Ueber die bei der Schwarzerle etc. auftretenden Wurzelanschwellungen. 

memmdeVacad. imp. de St. Petersbourg.. Ser. VII. Tome X. No. 6.) 

3) Smaa biologiske og morfologiske Bidrag. (Botanisk tidsskr. 3die Række. 

Bd. 1, pag. 84. 1874.) 

16% 
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Frank) schliesst sich der Auffassung Woronins an und nennt 

den Hyphenpilz ebenfalls Schinzia Almi. 

Moeller?) fasst auch die Anschwellungen (Almus) als Pilzgallen 

auf; der Pilz sei aber kein Hyphenpilz sondern eine Plasmodio- 

phora. 

Weoronin3) schliesst sich der Auffassung Moellers an, meint 

aber es seien in den Anschwellungen bisweilen zwei verschiedene 

Pilze vorhanden; eine Plasmodiophora, ein Hyphenpilz. 

Brunchorst*) findet in den Anschwellungen von sowohl Almus, 

wie den Eliagnaceen einen und denselben Hyphenpilz vor, dessen 

Entwicklung von dem vegetativen Stadium an bis zur Entleerung 

der Sporen aus den bisher selbst als Sporen aufgefassten Sporangien, 

beschrieben wird. Der Pilz ist aber von der Någelischen Schinzia 

sehr verschieden und wird deshalb in die neue Gattung Frankia 

gestellt. 

Frank?) schliesst sich zuerst der von mir vertretenen Ansicht 

iuber die Natur der Anschwellungen und deren Inhaltskörper voll- 

stindig an, kommt aber bei erneuerter Untersuchung der Gebilde 6) 

zu dem Resultate, dass wir es in den eigenthimlichen Inhaltskör- 

pern der Anschwellungszellen mit gar keinem Pilze, wie uberhaupt 

mit gar keinem Parasiten zu thun habén Dekor 

aufgestellte Gattung Frankia existirt nicht, in, den Anschwellungen 

haben wir es mit normalen Gebilden zu thun, die irgend eine normale 

physiologische Funktion ausfullen; die vielumstrittenen Inhaltskörper 

(Hyphenknaiel) seien åhnliche Gebilde wie die Bacteroiden der 

Leguminosenknöllchen nach meiner jetzt allgemein angenommenen 

Theorie.”) 

Diese Deutung der Knöllchen war mir nach meiner Arbeit iber 

die Leguminosenknöllchen sehr nahe gelegt und die Mögligkeit, dass 

1) Pflanzenkrankheiten 1880, p. 649. 

2) Ueber Plasmodiophora Almi. (Berichte d. Deutch. Bot, Ges. 1885, p. 102.) 

3) Bemerkung 2u dem Aufsatz von H. Moeller iber Plasmodiophora Almi. 

(Berichte d. Deutsch. Bot. Ges. 1885, p. 177.) 

rep rSy u fold. 

5) Leunis Synopsis Bd. III, p. 609. 

6) Sind die Wurzelanschwellungen der Erlen und Elåagnaceen Pilzgallen? 

(Ber. der Deutsch. Bot. Ges. 1887, p. 50.) 

TY Ber. d. Deutsch. Bot. Ges. II 1885, p. 241. 
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die Alnus-Anschwellungen normale Gebilde selen war der wesentlichste 

Grund, dass ich "ber dieselben die Anfangs citirte Arbeit machte. 

Memdem dass ich also die jetz, von Frank vertretene Ansicht 

schon damals in Betracht zog, brachte micht die mikroskopische Unter- 

suchung zu der Ueberzeugung, dass die Knöllchen von Almus und 

den Elåagnaceen, in Uebereinstinmung mit der gewöhnlichen An- 

sicht, Pilzgallen seien. Diese Ueberzeugung muss ich jetzt, nach er- 

neuter Untersuchung, vollståndig aufrecht erhalten. 

Das was man in den Zellen sieht ist weit mehr einem Hyphen- 

pilze wie irgend einem anderen Gebilde åhnlich; die ungezwungenste 

Deutung der Natur der Inhaltskörper ist nach dem mikroskopischen 

Befunde die Deutung als Hyphenknåuel und bis es experimentell 

nachgewiesen wird, dass die Knöllchen wirklich normale Gebilde 

seien, hat man demnach nicht das Recht denselben eine andere Be- 

deutung wie die als Pilzgallen beizulegen. 

Was sieht man aber in den Inhaltskörpern der Zellen? Das ist 

an und fir sich, und besonders bis das Experiment die Frage end- 

gilltig entscheidet, fir die Deutung der eigenthiumlichen Gebilde von 

der grössten Bedeutung und dariiber gehen nach der letzten Arbeit 

Frank's die Meinungen immer noch aus einander. 

Ehe ich auf eine kurze Discussion der Structur der Inhaltskörper 

eingehe, will ich vorausschicken, dass es unzweifelhaft ist, dass Frank 

und ich dieselben Gebilde vor uns gehabt haben. Die ersten Unter- 

suchungen, die ich uber die Almusknöllchen machte, wurden in dem 

Institute Franks ausgefuhrt und auch meine spåteren Pråparate 

kennt Frank aus eigener Anschauung, so dass irgend ein Zweifel 

iber die Identitåt der untersuchten Inhaltskörper nicht obwalten 

kann. Wir haben eben nur dasselbe in verschiedener Weise gesehen 

und geédeutet, und die Frage ist also nur, wer richtig gesehen und 

gedeutet hat. 

Der anatomische Bau der Almnus- und Elåagnaceenknöllchen und 

die verschiedenen Zonen in der Anordnung der Inhaltskörper ist in 

der oben citirten Arbeit ausfuhrlich dargestellt und kommt hier wenig 

in Betracht, nur diirfte vielleicht darauf aufmerksam gemacht werden, 

dass wir es mit zwei scharf zu unterscheidenden Stadien in der 
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Entwickelung der fraglichen Gebilde zu thun haben: das jiingste 

Stadium, am Scheitel der Anschwellungen, wo man bei schwacher 

Vergrösserung nichts sieht als eine körnige, undifferenzierte Masse, 

und ein spåteres Stadium, wo die verhåltnissmåssig grossen, schon 

seilt Woronin bekannten Blåschen oder Kugeln den auffallendsten 

Inhaltsbestandtheil ausmacht. 

Das folgende bezieht sich zunåchst auf Almus, hat aber auch 

fur die Eliagnaceen, deren Knöllchen genau mit denen von Almus 

ibereinstimmen, Giiltigkeit. 

In dem jiingsten Stadium sieht Frank bei starker. Vergrösserung 

einen schwammartigen Körper, aus stark lichtbrechender Substanz ge- 

bildet. Die Poren dieses Schwammes sehen ihm als »kleine regellos 

geformte Kammern oder Kanålchen« aus, die ganz von einander 

getrennt, und aus einer schwåcher lichtbrechenden Substanz gebildet 

sind. Die Inhaltsbestandtheile der jingsten Zellen seien also nach 

Frank aus unregelmåssig geformten, oft langgestreckten Körnern 

gebildet, welche in einer schwach lichtbrechenden homogenen Masse 

so eingebettet sind, dass jedes Körnchen von seinen Nachbarn ganz 

getrennt sei. 

Das Bild, das ich in meiner Figur 6 a (Tubinger Arbeiten Bd. II 

Taf. I) von den Inhaltskörpern gebe, und wo Hyphen dargestellt 

sind, soll demnach insofern unrichtig sein als es »unter dem Einfluss 

anticipirter Deutung« Hyphen enthålt, wo nur eine »faserige Structure 

vorhanden sei. Es soll — im Gegensatz zu der Fig. 3 Frank's 

(»Berichte« Taf. IV) — keine fotografische Copie sein, sondern nur 

den Gesammteindruck des Zellinhaltes darstellen. Es ist auch ganz 

richtig, dass meine Abbildung keine fotografische Copie ist; eine 

solche nach meinen damaligen Pråparaten zu machen war ganz und 

gar unmöglich, weil die angewendeten Pråparationsmethoden (be- 

sonders Aufhellen durch kochende HCI) sehr starke Vergrösserungen 

nothwendig machten, die ja das Bild sehr dunkel und sehr wenig 

distinct erscheinen lassen. Ich möchte aber glauben dasselbe gilt 

von den Bildern Franks, die bei 1890-maliger Vergrösserung ge- 

zeichnet sind, soweit man aus dem Text sehen kann, ohne irgend 

eine vorausgegangene Behandlung. 

Um bessere Bilder zu erhalten und so die, wie es scheint sehr 

verwickelte, Structurfrage zu entscheiden, war es nöthig bessere Prå- 

parationsmethoden anzuwenden. Die besten Resultate habe ich er- 
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halten, wenn ich sehr dinne Schnitte zuerst mit Eau de Javelle be- 

handelte, dann in Chromsåure oder Chrom-Osmium-Essigsåure brachte, 

mit Boraxmethylenblau fårbte und in Wasser oder Gilycerin unter- 

suchte. Statt Boraxmethylen und Alkoholentfårbung habe ich auch 

mit ganz gutem Erfolge Ehrlichs Håmatoxylin und Alaunentfårbung 

gebraucht. Auch nach der Fårbung mit Methylen kann man ohne 

Schaden erneute Aufhellung anwenden. Die Bilder, die man so erhalt, 

sind sehr schön und deutlich , besonders was das hier behandelte Sta- 

dium betrifft, und lassen schon bei schwacher V ergrösserung (Zeiss, Apo- 

chromat-Obj. 2.0 mm., Comp. Oc. 4) eine sehr deutliche Hyphenstructur 

erkennen. Eine soweit wie möglich fotografisch genaue Wiedergabe 

eines in der beschriebenen Weise behandelten Zellinhaltes ist in der 

Taf. II Fig. 5 abgebildet. Schon das Aussehen des Zellinhaltes a 

dirfte geeignet sein jeden Zweitel an dem Vorhandensein eines 

wirklichen Fadenknåuels in den fraglichen Zellen zu beseitigen. Und 

womöglich noch deutlicher ist die Fadennatur der Gebilde æ, welche 

den Zellinhalt åa mit dem Inhalte der benachbarten Zelle b verbindet, 

sowie auch der losgerissenen Theile bei y. Bilder, wie das hier 

reproducirte, sieht man in sehr vielen Zellen des Scheitelmeristems 

der Almus-anschwellungen. Ich glaube nicht, dass man ohne Versuche 

die das Gegentheil beweisen, irgend eine andere Deutung dieser 

Fadenknåuel wie diejenige als Hyphen geben kann, so sehr es mich 

auch interessiren wirde, wenn meine Ansicht uber die Natur der 

Leguminosenknöllchen auch auf andere Anschwellungen ausgedehnt 

werden könnte. 

Wåre die Deutung Franks richtig, wirde man durch Fårbung 

ganz andre Bilder erhalten miissen wie die in Fig. 5 wiedergegebenen. 

Entweder miisste sich die stark lichtbrechende Substanz — die 

Kammerwånde — oder die schwach lichtbrechende — der Kam- 

merinhalt — fårben. Im letzteren Falle wirde man an gefårbten Prå- 

paraten wie die meinigen ganz deutlich die Begrenzung der gefårbten 

Kammern sehen miissen und ein Bild erhalten ungefåhr wie Figur 

4 Taf. II wo wir es wirklich mit isolirtten Körpern zu thun haben 

die in einer ungefårbten Masse eingebettet sind, die aber allerdings 

1) Ein kleiner Kniff machte mir sie noch deutlicher, nåmlich die Beleuchtung 

der blaugefårbten Pråparate durch Licht das eine Schusterkugel mit rothgefårbtem 

Wasser passirt hatte. 



wohl weniger langgestreckt sind wie die von Frank angenommenen 

Kammern. Die Bilder Fig. 5 sind, wenn man den Kammerinhalt 

als gefårbt annimmt, ganz unerklårbar!). Besser liesse sich meine 

Bilder mit denjenigen Franks in Uebereinsstimmung bringen wenn 

man die Kammerwånde (»der Schwammc) als den gefårbten 

Theil der Inhaltskörper voraussetzt. Frank's (Figur 3) wiirde, wenn 

man sich die weissgehaltenen Parthien gefårbt vorstellt, meiner 

Fig. 5 nicht so sehr unåhnlich sein. Fin stark gefårbter schwamm- 

åhnlicher Körper wirde aber erstens niemals das Zustandekommen 

derartiger Bilder erlauben. Ein wirklicher Durchschnitt durch einen 

gefårbten Schwamm wirde so aussehenj können wie Franks 

Fig. 3; ein optischer Durchschnitt aber nie, indem die sich nach 

oben und unten fortsetzenden gefårbten Kammerwånde, in Ver- 

bindung mit der ohnehin grossen Undurchsichtigkeit eines solchen 

Gebildes, es verhindern wiurden, dass die breiten Scheidewånde als 

distincte Fåden erscheinen könnten. An ungefårbten Pråparaten, wo 

die Unterscheidung der Theile allein auf das verschiedene Licht- 

brechungsvermögen basirt ist, kann dagegen sehr gut ein wirklicher 

Knåuel in allen Richtungen durcheinander geschobener Hyphen 

oder Fåden optische Durchschnitte hervorbringen, wie die erwåhnte 

Abbildung Frank's sie wiedergiebt. Zweitens könnten die Wånde 

eines porösen Schwammes niemals Fortsåtze wie die bei x gezeich- 

neten bilden. 

Hinzufugen will ich, dass es mir nicht klar geworden ist, wie 

die Figuren 3 und 5 (Frank 1. c.) dieselben Gebilde darstellen können. 

In dem einen Bilde sehen wir begrenzte Kammern; in dem anderen 

ins unendliche sich fortsetzende verzweigte Kanaålchen. 

Was das sogenannte Blåschenstadium betrifft, so stimmt mir 

Frank in der Ansicht bei, dass die Blåschen nur an der Oberflåche 

der Inhaltskörper entstehen. Nur meint er, sie bilden nicht immer 

eine einzige oberflachliche Schicht, wie ich es will, sondern liegen 

oft unter und öber einander. Dies ist eine sehr unwesentliche Frage 

1) Nach Frank entstehen die Blåschen durch Erweiterung der Kammern; der 

Inhalt der Kammern sei also mit dem Inhalt der Blåschen identisch. Nun fårbt 

sich der Blåscheninhalt meistens stark (bis die Blåchen entleert werden). Der ge- 

fårbte Theil wirde dennach in der That den Kammerinhalt entsprechen. 
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und wenn ich »eine einzige Schicht« betonte, war es wesentlich als 

Gegensatz zu der friheren Ansicht, dass die Blåschen die ganze 

Masse der Inhaltskörper ausmachten. Dass die Blåschen bisweilen 

etwas durcheinander geschoben sind und nicht mit mathematischer 

Genauigkeit nur die Oberflåche einnehmen, ist ja bei organischen 

Gebilden ohnehin klar. Fur das Verståndniss der Entstehungsweise 

der Blåschen ist es auch ganz gleichgiltig ob sie eine Schicht aus- 

machen oder mehrere, wenn man nur das festhalt, woriber Einigkeit 

herrscht, dass die innere Masse der Inhaltskörper sich nicht in Bla- 

schen differenziert. 

Nach der Meinung Frank's entstehen die Blaschen durch An- 

schwellung der nach Aussen gerichteteten Enden der aus schwach 

lichtbrechender Substanz gebildeten Kammern oder Kanålchen. 

Es bilden sich »Anhåufungen neugebildeter protoplasmatischer 

Eiweissubstanz in sphårisch ausgeweiteten Hohlråumen des urspriing- 

lichen porösen Protoplasmakörpers. Da den Ausweitungen nach 

aussen hin der geringste Widerstand entgegengesetzt wird, so er- 

klåren sich die Hervorragungen der Blasen an der Oberflåche des 

Körpers, der dadurch traubiges Aussehen erhålt.<« 

Dieser Frklårung fur die Fntstehungsweise der Blåschen ist 

schon durch die oben wiedergebenen Beobachtungen, wonach iiber- 

haupt kein schwammartiger Körper in den jungsten Zellen vorhanden 

ist, der Boden entzogen. Da es aber nach den bisherigen Frfahr- 

ungen sehr schwer scheint zwei Beobachter dazu zu bringen, dass 

sile in den Inhaltskörpern dasselbe sehen, möchte ich auch das 

Blåschenstadium herbeiziehen um noch weitere Grinde fur meine 

Deutung anzubringen. 

Das wichtigste ist dabei selbstverståndlich, was man direkt 

sieht; und was ich, an den in oben beschriebener Weise dargestellten 

Pråparaten gesehen habe, ist daher in der Tafel II Fig. 6 und 7 

so fotografisch genau wie möglich dargestellt. Dass man, wo es 

sich um so feine Fåden wie diese handelt, nicht genau sehen kann 

wie ein bestimmter Faden dann iiber, dann unter einen kreuzenden 

Faden verlåuft, ist ja ohnehin klar. Mit dieser Ausnahme geben aber die 

Zeichnungen nur das wieder was man wirklich sieht und sind ent- 

schieden nicht aus irgend einer anticipirten Deutung hervorgegangen. 

Die citirten Zeichnungen mögen auch dazu dienen sicherzustellen, 

dass das Blåschenstadium auch wirklich aus dem jingsten »Knåuel- 

stadium« hervorgegangen ist, wenn jemand dieses bezweifeln sollte. 



Aus ganz denselben Grinden, die oben dargelegt wurden, kann das 

Innere des Zellinhaltes auch im Blåschenstadium in keiner anderen 

Weise wie als ein Fadengewirr aufgefasst werden. 

Dementsprechend können auch die Blåschen, die an der Ober- 

flåche der Fadenknåuel sitzen, durchaus nur wie als Anschwellungen 

von Fåden verstanden werden, wobei es allerdings unentschieden 

bleibt ob sie an den Fadenenden oder an dem dazwischenliegenden 

Theile der Fåden entstehén. 

Auch von dem direkt sichtbaren Vorhandensein der Hyphen 

oder Fadenknåuel in dem Zellinhalte abgesehen, ist die Frklårung 

Franks von der Entstehungsweise der Blåschen unzutreffend. 

Erstens ist weder von Frank mnoch von Moeller, dessen 

Deutung des Blåschenstadiums mehrere Beriihrungspunkte mit der- 

jenigen Franks hat, eine Erklårung gegeben worden wie es zUu- 

geht, dass losgerissene Blischen sehr håufig wenn nicht ganz regel- 

måssig mit je einem fadigen Anhångsel versehen sind. Veberhaupt 

aus den oberflåchlichen Poren eines dass Schwammes gebildeten Blås- 

chen, die also doch unter der Oberflåche liegen, sich durch blosses 

Quetschen als runde Hohlkugeln lostrennen können, ist es entschieden 

unbegreiflich, und noch unbegreiflicher ist es, wie diese Hohlkugeln 

nach ihrer Loslösung noch dazu je ein fadenförmiges, oft sehr langes 

Anhångsel besitzen können (cfr. Tubinger Ab. BMR 

Fig. 2 a. Denn davon kann sich ein jeder "berzeugen, dass die 

grosse Mehrzahl der losgelösten Blåschen nicht mehr wie ein An- 

hångsel besitzt; zwei mögen vorkommen, sind aber jedenfalls selten, und 

mehr wie zwei hat auch Frank nicht abgebildet, trotzdem dass drei, 

vier und finf deutliche Anhångsel ein starkes Argument fir seine 

Theorie abgeben wirden; wåhrend zwei sich leicht dadurch erklåren 

lassen, dass die Blåschen, wenigstens bisweilen, an dem mittleren 

Theile eines Fadens entstehen können. 

Die Abdricke oder Reste benachbarter Kammern, die Frank 

an der Blåschenoberflåche gesehen hat (1. c. Fig. 9) können in dieser 

Beziehung keineswegs deutliche Anhångsel vertreten, indem sie — 

wenn sie nicht uber die Kugeloberflåche hinausragen — allzu leicht 

mit den Inhaltskörpern der Blåschen (Tibinger. Arb. etc. Fig. 9) ver- 

wechselt werden können. 

Wenn das Blåschenstadium so gebaut sei wie Frank meint, wirde 

es zunåchst mit einem aus ganz kleinen Zellen (die Kammern) ge- 

bildeten Körper zu vergleichen sein, deren Wandung aus ver- 

håltnissmåssig sehr grossen Zellen (die Blåschen) aufgebaut sei. 
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Es wirde niemand einfallen anzunehmen, dass solche Wandungs- 

zellen sich so leicht von einander loslösen könnten, dass blosses Quet- 

schen geniige um die vollstandige Isolirung zu bewirken, dass ste 

nach der Trennung kugelrund seien, und dass sie, wenigstens als 

Regel, je nur ein Anhångsel und zwar ein iberall gleichmåssig dickes 

trigen. Ebenso unbegreiflich wåre es aber, wie es zugehen könnte 

dass die sphårischen Wandporen Franks die erwåhnten Eigenschaften 

zeigen sollten. Dass sie nach ihm keine wirklichen Zellen seien, son- 

dern eiweisserfillte Poren in einer stark lichtbrechenden Substanz 

(Plasma?) wurde die Sache in keinerlei Weise erklårlicher machen, 

denn warum sollten sich die homogenen Kammerwånde in der 

Mitte spalten? 

Uebergånge zwischen dem jingsten und dem Blåschenstadium 

findet man (besonders im Mai) sehr leicht. Die Blåschen sind in 

diesen Stadien verschieden gross, bisweilen ganz klein, sonst ist 

alles unveråndert. In dem jingsten Stadium sowie auch in den 

Zwischenstadium fårben sich die Fåden sehr intens mit Anilinfarben 

und Håmatoxylin. In dem fertigen Blåschenstadium ist es mir 

dagegen nicht gelungen sehr starke Fårbung hervorzurufen; die sich 

fårbende Substanz scheint in die Blåschen eingewandert zu sein, 

aus denen sie spåter wieder entleert wird indem die Blåschen zusam- 

menfallen und die desorganisirten Massen sich bilden werden, die ich 

schon friuher beschrieben habe. 

Ausser diesen zu einer Entwickelungsreihe zusammenhångenden 

Gebilden, welche also wenigstens vorlåufig noch zu der parasitisch oder 

symbiotisch lebenden Pilzgattung Frankia gefuhrt werden miissen, finden 

sich in den Anschwellungen auch andere Organismen vor. Wåhrend 

aber Frankia ein konstanter Bestandtheil der Anschwellungen ist 

und daher in ursåchlichem Zusammenhange mit denselben steht, sind 

die anderen Organismen nur zufållig und ziemlich selten zu finden. 

Frstens sind mir manchmal ganz starke dickwandige Pilzhyphen 

begegnet, die von der Rinde aus ins Innere der Anschwellungen 

eindringen, die aber kein weiteres Interesse darbieten. 

Zweitens kommt aber bisweilen — ich glaube, ich habe ihn 

zweimal gefunden — der in Fig. 4 abgebildete Organismus in 

den Zellen der Anschwellungen vor. Die Zellen sind von einem 



dicken Schleime ausgeftllt, in welchem kleine, etwas eckige Körner 

so einbebettet sind, dass sie ganz getrennt liegen. Die Körner fårben 

sich einigermaassen leicht, der Schleim dagegen bleibt meistens unge- 

fåarbt und ist ziemlich stark lichtbrechend. Dieser Organismus scheint 

auch deshalb mit der Frankia in keinem Zusammenhange zu stehen, weil 

er ohne Unterschied in Anschwellungszellen der verschiedensten Alters- 

stadien vorkommt. Der grobgekörnte Schleim ist in einigen Anschwel- 

lungen sowohl in den jiingsten Zellen wie in den åltesten vorhan- 

den; in anderen ist er auf aen ålteren Theil beschrånkt; bisweilen 

findet er sich in Zellen die die Frankia einschliessen, bisweilen in 

solchen mit dem gewdöhnlichen Inhalte. 

Was die Entwickelung dieses Organismus betrifft, weiss ich von 

derselben so gut wie nichts, und ich erwahne denselben nur um 

andere, die sie vielleicht untersuchen wollen, auf denselben aufmerk- 

sam zu machen. Das Stadium, wo der Schleim mit den gleichmaås- 

sig vertheilten Körnern die ganze Wirthzelle ausfullt scheint aus einem 

anderen hervorzugehen, wo der Schleim noch nicht vorhanden ist 

und wo die Körner deshalb, dicht an einander gedrångt, ganz un- 

regelmåssig geformte Klumpen darstellen (Taf. II Fig. 3), welche 

die Wirthzellen nicht ausfullen. 

Aehnliche Gebilde habe ich auch bisweilen in Leguminosen- 

knöllchen gesehen, und vielleicht haben wir es mit einem verbreiteten 

Wurzelparasiten zu thun, der wohl zu den niedrigst organisierten 

Pilzen (oder Thieren?) gehört. 

Ueberhaupt diurften die unterirdischen Theile der Pflanzen dem 

Mycologen, der sich mit so kleinen Organismen wie der Frankia, 

welche sich mit unseren jetzigen Mikroskope eben noch untersuchen 

lassen, beschåftigen will, ein grosses unbearbeitetes Feld darbieten. 

Das grösste Interesse, das sich meiner Ansicht nach an Frankia 

kniipft ist eben, dass sie ein alleinstehender Repråsentant einer Gruppe 

»der kleinsten Hyphen-Pilze« ist. Wahrschemmlich hat sie viele Ver- 

wandte, wenn man sie erst auffinden kann. 

Anhangsweise mag erwåhnt sein, dass ich bei Myrica Gale 

Wurzelanschwellungen gefunden habe, welche mit denjenigen von 

Almus und den Elåagnaceen ganz öbereinstimmen. Wenigstens in 

der Umgegend von Bergen scheinen diese Anschwellungen ebenso 

konstant vorzukommen wie diejenigen von Almus. 
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Einige Myrica-anschwellungen sind in den Figuren I und 2 

Taf. II in natirlicher Grösse abgebildet. Wie man sieht sind sie 

nur dadurch von denen von Almus und den Elåagnaceen verschieden, 

dass sie an den Scheiteln mit ausgebildeten Wurzeln versehen sind. 

Der anatomische Bau ist nicht wesentlich von dem Bau der eben 

genannten Anschwellungen verschieden und zu der Jahreszeit, wo 

ich denselben untersuchen konnte, stimmen auch die Inhaltskörper mit 

dem, was ich oben fir Almus beschrieben habe, ganz uberein. 

Ganz analoge Wurzelanschwellungen sind also jetzt bei den vier 

verschiedenen Gattungen Almus, Elåagnus, Hippophåe und Myrica 

== 2 == 

aufgefunden. 

Alle diese drei Gattungen stehen im Systeme ziemlich weit von 

einander entfernt, besonders sind die Elåagnaceen von den beiden 

anderen Gattungen sehr verschieden, wåhrend ja Myrica meistens 

als mit den Juglandaceen nahe verwandt angesehen wird und somit 

auch den Betulaceen nicht so sehr fern steht. Auch Myrica wird 

doch meistens in einer anderen »Familie« wie Alnus gestellt. 

Eines der stårksten Argumente fir die Auffassung der Legumi- 

nosen-knöllchen als normale Gebilde ist, dass dieselben innerhalb 

der Familie der Leguminosen. so ausserordentlich verbreitet sind, 

ausserhalb derselben aber gar nicht vorkommen. 

Sie finden sich bei krautartigen Leguminosen sowohl wie bei 

Båumen; bei Arten, die trockene Standorte bewohnen sowohl wie 

bei Wasserpflanzen — ausserhalb dieser grosser Familie sind Wur- 

zelknollen, welche die, trotz manchen Verschiedenheiten doch in 

ihren Hauptmerkmalen sehr ubereinstimmenden, Bacteroiden fuhren 

niemals gefunden worden.!') 

Fur diese Thatsache giebt die bisherige Deutung der Leguminosen- 

knöllchen keine Erklårung, wåhrend sie nach meiner Theori leicht 

verståndlich ist. 

Dieses sehr wichtige Argument gegen die parasitåre Natur der 

Gebilde fehlt bei denjenigen Knollen, welche den Wurzelanschwel- 

lungen von Almus analog sind. Auch die Anschwellungen der oben 

genannten Pflanzengattungen*) stimmen untereinander in allen sicht- 

1) Cfr. meine oben citirte Arbeit ber den Leguminosen-knöllchen. 

?) Die. Anschwellungen von Myrica kenne ich noch nicht das ganze Jahr 

durch so eingehend, dass ich mich iber denselben mit aller Bestimmtheit ausspre- 

chen darf. Das ist doch von geringer Bedeutung weil die systematische Verschie- 

denheit gerade zwischen den beiden Familien der Betulaceen und Elåagnaceen, 

deren Wurzelanschwellungen eingehend studirt sind, am grössten ist. 
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baren Merkmalen so sehr uberein, dass man nicht bezweifeln kann 

dass sie auch ihrer Natur und ihrer etwaigen physiologischen Func- 

tion nach analog sind. Diese Wurzelanshwellungen finden sich aber 

nicht etwa bei nahe verwandten Gattungen, sondern bei vereinzelten 

Repråsentanten aus ganz verschiedenen Familien und Ordnungen. 

Dieses Argument ist, bis Versuche vorliegen, von nicht zu unter- 

schåtzender Bedeutung und ist von Frank gar nicht beriicksichtict 

worden. 

Wenn Versuche vorliegen, die das eine oder das andere ber 

die Natur der hier discutirten Gebilde beweisen tritt dieses Argu- 

ment, sowle auch die anderen die ich fur die Auffassung der 

Anschwellungen alz Pilzgallen angefihrt habe, in den Hintergrund. 

Was sich aber nicht durch Versuche beeinflussen låsst ist die Auf- 

fassung der Structur der Inhaltsgebilde. Zur Kenntniss diéser 

Structur beizutragen war der Hauptzweck vorliegender Arbeit. 



Figurenerklårung. 

Tar 

Fig. 1 u. 2. Wurzelanschwellungen von Myrica Gale in natirlicher 

Grösse. 

» 3 u. 4. Figenthimlicher Organismus, der sich bisweilen in 

den Wurzelanschwellungen von Almus vorfindet (1000 mal 

vergrössert). 

» 5. Hyphenknåuel der Frankia in den jiingsten Zellen der 

| Anschwellungen von Almus. (1000 mal vergrossert). 

» 6u.7. Blåschenstadium des Frankia aus den ålteren Zellen 

der Anschwellungen von Almus. (1000 mal vergrössert). 

(Die mikroskopischen Bilder sind såmmtlich mit Oelimm. /g 

De. 2 (Zeiss) und Camera entworfen und mit dem Apochromat- 

dbjectiv 2.00 Mm., Comp. Oc. 4 im Detail ausgefuhrt). 
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Bergens Museums 

historisk-antikvariske Samlingers Forøgelse i 1886. 

- «1886 har for den hist.-antikv. Afdeling været et godt Middels- 

aar. Blandt de til Oldsamlingen indkomne Fund ere flere af stor 

Interesse, ligesom de forskjellige Underafdelinger har havt en jævn 

Forøgelse. 

I en Henseende forandrer imidlertid de historisk-antikvariske 

Samlingers Aarstilvæxt mere og mere Karakter: Antallet af Gaver 

bliver stadig mindre, næsten alt maa kjøbes, og Priserne stiger med 

den voxende Efterspørgsel. 

Det har derfor været særdeles beleiligt, at Bergens Samlag ved 

Bevilgning til Indkjøb af national-ethnografiske Gjenstande har kun- 

net hjælpe lidt paa Afdelingens Budget, der ellers under nærværende 

Forhold vilde have vist sig altfor knapt. 

Ved Samlingernes stadige Forøgelse er imidlertid de gamle 

Udstillingsskabe forlængst blevne utilstrækkelige. Ved mere hensigts- 

mæssige Montrer vilde desuden flere Dele af Samlingen kunne 

komme ganske anderledes til sin Ret og til Nytte end for nærvæ- 

rende er Tilfælde, men uden extraordinær Bevilgning vil Afdelingen 

neppe finde Midler til Anskaffelse af det nødvendige nye Inventarium. 

Som sædvanligt vil her i Beretningen blive særskilt nævnt en- 

kelte af Aarstilvæxtens sjeldneste Stykker og mærkeligste Fund. 

Fra Stenalderen: et ualmindelig stort Flintredskab fundet i en 

Myr paa Rørvik ved Aalesund, grovt tilhugget i Halvmaaneform; 

Bestemmelsen ukjendt. I danske og sydsvenske Landskaber fore- 

kommer lignende store og tunge Flintredskaber hyppigt, men her i 

Landet kjendes kun et Par Stykker fra Smaalenene, og i Museets 

Samling har Typen hidtil ikke været representeret. 
EG 
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Fra Lensmand Lem i Sogndal er indkommet en ufærdig Stenøx. 

Stenhuggeren har givet Emnet den ydre Form og derefter begyndt 

paa Skafthullet, sandsynligvis med et Dyreben som Cylinderbor i en 

Dril. Imidlertid er han kun naaet omtrent halvveis, og Midttappen 

sidder endnu i Skafthullet. 

Fra Ullensvang er indkjøbt en af de eiendommelige Kvarts- 

blokke med dybe blankslidte Furer, der antages fremkomne ved 

Slibning af Stenredskaber. (cfr. Urda 1. 88). 

Blandt Museets Stenredskaber er et Par velformede Øxer af 

Mandelporfyr. Et smukt Exemplar af samme Sort blev ifjor fundet 

paa Finnesteigen paa Vos. Skafthullets Tværsnit er i den ene 

Ende (paa Bagsiden) omtrent dobbelt saa stort som i den anden. 

Øxens Tværsnit er forresten ægformet med glatsleben Overflade. 

Endvidere kan fremhæves en smuk Flintekniv fra Lister, og fra 

Jæderen, Stenalderens Hovedbygd i det vestenfjeldske, er som sæd- 

vanligt erhvervet mange gode og karakteristiske Gjenstande. 

Det største samlede Fund tilhører den ældre Jernalders Slut- 

ning og blev opdaget i en for Museets Regning undersøgt stor 

Gravhaug paa Gaarden Vemmestad i Lyngdal. Undersøgelsen le- 

dedes af Hr. Skolebestyrer Salvesen i Farsund. Omtrent midt i 

Haugen fandtes et af tugtede Heller omhyggeligt bygget vel tre 

Meter langt Gravkammer, hvis Tag, Hjørner og Gulvj var tættet 

med Næver. Over Gravens Bund havde været udbredt en Bjørnehud, 

og paa denne var den døde Kriger bleven lagt sandsynligvis fuldt 

paaklædt og med sine bedste Vaaben. Nu var kun enkelte Dele 

af Skelettet tilbage, og af Klæderne væsentlig kun de Smaastykker, 

der havde ligget i umiddelbar Berørelse med Metal.  Hovedet vendte 

mod Nord, ligesom Gravens Længderetning var fra Nord til Syd. 

Paa hver Side af Hovedet var stillet et Træspand sandsynligvis med 

Drikkevarer. I det ene Spand var tillige nedsat et høit Glasbæger, 

som, da Trækarret senere faldt fra hverandre, kom til at vælte ind 

mod Skelettet, saaledes at det nu laa med Mundingen over Hials- 

hvirvlerne. Af begge Trækar kunde forresten store Stykker optages, 

tildels med fastsiddende Foringskit, tydelige Bundnagler og runde 

Kladder af Tætningsmasse. Bægeret er aldeles ubeskadiget af grønt 

Glas med udenpaalagte Traade og en liden skiveformet Fod. Om- 

kring Livet har Krigeren havt et smalt Belte af Læder, der med 

Hensyn til Spændegreie, Beslag og Udstyr har meget tilfælles med 

et Nutids Lappebelte. I smale Læderremme har hængt forskjellige 

Smaaredskaber, saasom en Broncepincet og den her afbildede Kam 

se Fig, 1, a—c). - Gjennem. hele , Jernalderen synes dere 



været en almindelig Skik at medgive den døde en Kam, enter det 

nu var den, hvormed Ligets Haar og Skjæg for sidste Gang var 

ordnet eller til Brug i det andet Liv. Selv blandt brændte Ben 

savnes Kamstykker sjelden. Det her fundne Exemplar udmærker 

sig imidlertid ved at være fuldstændigt og især ved den Maade, 

hvorpaa det har været baaret. Kammen selv er af Ben og af den 

oprindelig romerske Form med pyramideformet Ryg. Tinderne ere 

forholdsvis lange og har været beskyttede af et baandformet Futteral 

arøroneeblik, der har hængt 1 tre Bæreremme. Kammen selv sy- 

nes at have været fastholdt alene derved, at den ene Bærerem har 

været stukket igjennem en paa Kammens Ryg anbragt kraftig 

Broncering og derefter fæstet i en liden Skede, der gaar tværs over 

Futteralets ene Langside. En lignende Anordninz vides ikke tid- 

ligere at være iagttaget her i Landet, derimod er »Kamme hæn- 

gende ved Bæltet« ofte bemærket i Mellemeuropas Grave fra Me- 

rovingertiden, ligesom der i Lindenschmits Handbuch 1. 314 er 

afbildet en i Belgien fundet Kam fra samme Tid med Skede, Ringe 

og Remme væsentlig af samme Indretning som paa det her be- 

skrevne Exemplar. 

Den hauglagtes Vaabenudrustning har bestaaet af Sværd, to Spyd, 

Øx, Kniv og Skjold. Desværre ere alle Jernsager saa opløste af 

Rust, at alene deres Konturlinier nogenlunde kan bestemmes. Svær- 

- det har havt tveægget Klinge og forsiret Træbalg, men hverken paa 

Balgen eller Haandtaget viser sig Spor af Metalbeslag. Af Spyd- 

spidserne har som sædvanlig den ene havt Modhager og den anden 

fireægget Blad. Skjoldet synes at have været opstillet mod Gravens 

søndre Gavlsten, og Øxebladet har været indhyllet i Tøi. 

Langs Kammerets østlige Langvæg fandtes forskjelligt kvindeligt 

Gravudstyr, der giver sikker Anvisning paa, at der i dette Kammer 

samtidigt med Krigeren ogsaa er bleven begravet en Kvinde. Hun 

har været tarveligt udstyret: af Redskaber har hun kun faaet med 

en Sax og en Haandten, men af Prydelser en smuk Guldring (Fig. 3), 

høesøm der ved hendes Hoved var bleven mnedsat to Urner af Ler. 

Fundet byder mange og mærkelige Overensstemmelser med 

den indholdsrige Grav paa Øftshus i Fjælber (B. M. No. 3731), hvor 

der ligeledes tydeligvis var begravet baade en Mand og Kvinde. I 

begge savnes de for denne Tid eiendommelige store Pragtspæn- 

der. I de Tilfælder, hvor Gravkammere kan sees at være opførte 

særskilt for et Kvindelig, pleier imidlertid disse Smykker sjelden 

at mangle. Deraf tør maaske sluttes, at saadanne Spænder væsent- 

lig har været baarne af fornemme Kvinder, og at i de to foran- 



nævnte Tilfælder den sammen med Krigeren begravede Kvinde kun 

har været en Slavinde eller Tjenestekvinde, der maaske endog ufri- 

villigt har maattet følge sin Herre i Døden. Ogsaa i det store 

Gravkammer paa Trygsland i Bjelland, der aabnedes i 1821, saaes 

to Lig, »et stort og et mindre ved Fødderne af det større«. De 

mange kostbare Smykker og Nøglehanken beviser, at Hovedperso- 

nen i denne Grav var en Husfrue, men det andet Lig kan maaske 

ogsaa i dette Tilfælde forklares paa samme Maade som i Mands- 

gravene. I ethvert Fald er det ikke øodt at forstaa, enten man 

holder sig til Fundets egen Beskaffenhed eller til Fundberetningerne, 

hvorfor eller hvorledes Dr. Undset 1 sin Forklaring og Undersøgelse 

af Fundet (se norske Oldsager i fremmede Museer S. 8) har faaet 

det eiendommelige eneggede Sværd ind blandt det forresten saa 

udpræget kvindelige Gravgods. 

Paa Sjøtun i Vik i Sogn opdagedes en af de i Indberetningen 

for 1884 beskrevne ældre Jernalders Krigergrave med brændt Lig 

og Vaaben af de fra Mosefundene velkjendte Typer. Graven var 

en lav Røs uden Kammer. Midt paa Bunden laa en Skjoldbule 

dækkende over to Spydspidser, en med Modhager og en med kort 

bredt Blad med ophøiet Midtrand. 

Et mere storartet Gravminde var Røsen paa Fondanæsset i 

Lindaas. Af svære Strandstene var her opført en mægtig Rundhaug, 

hvor mange i Aarenes Løb skal have forsøgt sine Kræfter og sin 

Lykke. Men Skatten vilde ikke lade sig finde, og ovenfra var det 

ugjørligt at komme tilbunds i Haugen. For nogle Aar siden kom 

imidlertid unge Folk paa Gaarden, og fra den Tid blev Arbeidet 

drevet med større Kraft og efter bedre Plan. Noget i NV for 

Midten traf man endelig sidst Sommer paa en Helle og under 

denne paa et lidet firesidet Gravkammer, hvori steden 

Kobberkjedel.  »Idetmindste var der ikke noget andet end lidt Rusk 

i den.« Kjedelen har forresten holdt sig godt og hører til den 

ældre Jernalders sædvanlige vestlandske Type, der antages indført 

fra Nordsøens sydlige Kystland. Samme Form og samme Indhold 

havde ogsaa en anden Kjedel, der omtrent samtidigt indkom fra 

en stor Rundhaug nær Tonstad Kirke i Siredalen. Her havde for- 

resten de i Kjedelen gjemte brændte Smaaben været indhyllede i 

et Stykke Filt eller grovt Vadmel, der endnu er tilstede. 

Desværre savnes de nærmere Oplysninger om et tilsvarende Fund 

fra Ødemotland i Nærbø paa Jæderen. Her blev ved tilfældig Gravning 

i en Haug paatruffet en Lerurne med brændte Ben, blandt hvilke fandtes 

flere Brudstykker af en forsiret Benkam og desuden det her afbil- 
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dede Benredskab med lang og tydelig Indskrift af ældre Runer (se 

Fig. 2). Runetegnene er indridsede med en skarp Knivsod i to 

Rækker mellem paralelle Linier.  Nogle ere skrevne med dobbelt, 

andre med enkelt Streg, og uagtet Spidsen mangler, er heldigvis 

Indskriftens begge Linier fuldstændige og afsluttes med et indridset 

Ornament. 

Ligesom hver nyfunden Runeindskrift har sin store sproglige 

Betydning, saaledes gjælder dette især, naar Indskriften er klar og 

sikker som 1 det foreliggende Tilfælde. 

I en Torvmose i Skaane blev i 1840 fundet en meget lignende 

Bengjenstand, der er afbildet og beskrevet i Professor Stephens's 

store Runeværk 1. Pag. 219. Denne Gjenstand henføres til Tiden 

mellem Aar 600 og 700. Samme Alder men vel ogsaa et Aarhun- 

drede mere vilde man hos os med Rimelighed kunne tillægge en 

Urnebegravelse som den, hvori Runestykket fandtes, idet den tyde- 

ligvis har hørt til samme Tid og Klasse som de vestlandske Kjedel- 

fund. Indskriften paa Runestykket fra Skaane har modtaget meget 

forskjellig Tolkning. Den nyfundne viser mange Overensstemmelser, 

endog 1 Runernes Skrivemaade, men trods Tegnenes Tydelighed 

byder nok Udtydningen store Vanskeligheder. Hr. Prof. Sophus 

Bugge har godhedsfuldt meddelt følgende foreløbige Bemærkninger: 

»Jeg antager, at Indskriften ikke indeholder Ord skrevne ligefrem, 

og at den Mand, der har indridset Indskriften ikke har ved de 

indridsede Tegn villet udtrykke Ord med bestemt sproglig Betyd- 

ning. Hvorvidt disse Runer ligesom Runerne paa den ene Side af 

»Benormen« fra Skaane har magisk Betydning, tør jeg ikke sige med 

Bestemthed, men det forekommer mig ikke at være usandsynligt. 

De to Siders Indskrifter ere indbyrdes aabenbart beslægtede, navnlig 

viser dette sig ved Indskrifternes Begyndelse og Slutning.< 

Naar undtages Guldbrakteaterne er Benstykket den første og 

eneste Oldsag med Runeindskrift i hele Museets hedenske Oldsamling. 

Den her gjengivne Afbildning er udført i Kjøbenhavn for næste 

Bind af Professor Stephens's Runeværk, men vil ogsaa blive publi- 

ceret i Foreningen til norske Fortidsmindesmærkers Bevarings Aars- 

beretning for 1886. 

Som Prøve paa Oldtidens Kunstfærdighed fortjener det her 

afbildede Sværdhefte særlig af fremhæves. Det tilhører vistnok en 

fra Vikingetiden velkjendt Type, men ligesom baade Hjalt og 

«Knap er længere end sædvanligt, saaledes udmærker dette Stykke 

sig ved rig Udsmykning og ved kraftige snoede Sølvtraade. 

Mange har i disse sølvprydede Hjalt villet se sikre Prøver paa 
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særlig nordisk Kunst og nordisk Ornamentik, men efter al Sand- 

synlighed er Vikingetidens Pragthjalt udenlandsk Arbeide ligesom 

=== 

======== 

Å g SEN ALI 

Å stp E Ny «RLE Å 

DE Øen mm = === = === 

Hest —— = 

Vikingetidens bedste Klinger. I Thorbjørn Hornkloves Kvad om 

Harald Haarfagres Hird heder det om Kongens Skjalde: »paa deres 
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Udrustning man ser, at de ere vel kjendte af Kongen; de har fagre 

sølvvundne Sværd«. Det her beskrevne er fundet paa Rossebø 

ved Haugesund, altsaa i den samme Egen, hvor Harald 1 sine sidste 

Aar fortrinsvis opholdt sig, og er efter al Sandsynlighed et fra 

Vesterviking hjembragt Vaaben. 

Af Klingen er næsten intet tilbage. Den var ganske opløst af 

Rust og gik strax i mange Stykker. Ogsaa Hjaltene var dengang 

en eneste Rustklump, kun paa et enkelt Punkt kunde Sølvtraadene 

delvis skimtes. Først ved en forsigtig Rensning lykkedes det at 

bringe den oprindelige Herlighed atter for Lyset, men da Hjaltet 

helt igjennem er svagt, tilbøieligt til at sprække og skalle af, kan 

det være usikkert, hvor længe det vil holde sammen, hvorfor det 

her paa bedste Maade er bleven bevaret ved Afbildning 1 fuld 

Størrelse. 

Sværdet havde været nedlagt i Balg sammen med ubrændt 

Lig og fandtes ved tilfældig Gravning i Ruinerne af en gammel 

Haug. Af det øvrige Gravgods indkom et Øxeblad, en Mængde 

Klinknagler (maaske af en Baad), et Fiskesænke af Bly, nogle Glas- 

perler og en Smykkenaal af Sølv lig N. O. 681. 

Fr rigt Vaabenfund blev indkjøbt fra Utigaard i Eids Preste- 

gjeld Romsdals Amt. Alle Gjenstande sees at have været med 

paa Baalet, men ingen er forsætligen sammenbøiet. Derimod er 

Odden afhugget paa en tveægget Klinge, og dette maa være skeet 

umiddelbart før Gravlægningen, idet Stumpen var nedlagt sammen 

med Sværdet og endnu er tilstede. Dette Sværd har simpelt Hjalt; 

sammen med det fandtes imidlertid et ligeledes tveegget med »gyl- 

dent Hjalt« og mærket Klinge. En smal tyk Spydspids er sjelden 

ved to udstaaende Hager, der ere anbragte paa den øverste, smaleste 

Del af den forholdsvis lange Skaftholder. 

Ogsaa fra Sexe i Ullensvang er indkjøbt et rigt Vaabenfund, 

der ligeledes indeholder to Sværd: det ene har gyldent Hjalt og 

enegget Klinge, der ved Gravlægningen er bleven krogbøiet; det 

andet har derimod tydeligvis været for elastisk og har ikke villet 

lade sig behandle paa samme Maade. Derfor er Klingen bleven 

knækket i tre.  Odstykket er nu renset og viser fin Damascering i 

den fordybede Hulrand. Blandt Gravgodsets andre Gjenstande kan 

nævnes en ualmindelig velformet Øx og en eiendommelig stor to- 

armet Gaffel. 

I den saakaldte »Kong Beles Haug« paa Balestrandsnæsset 1 

Sogn blev sidst Sommer paatruffet en stor Gravkiste.  Sandsynlig- 

vis til Beskyttelse mod Jordrotter var hele Kisten omgivet med et 
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tykt Lag udsøgt grov Strandsand. Graven selv var tom, men oven- 

paa Dækhellen var lagt en velformet Spydspids af Jern. Haugen 

er siden ved Filialafdelingens Forsorg bleven fredlyst. 

Ved de to mærkværdige Fund i Tune 1867 og paa Gogstad 

i 1880 er i de sidste Aar Opmærksomheden bleven særlig henvendt 

paa den for Vikingetiden eiendommelige Gravskik: at lade den døde 

paa et Skib søge Veien til Sjælenes Land. I den store Haug, som 

Museet i 1874 lod udgrave paa Møklebust i Eid i Nordfjord, viste 

Fundet, at Høvdingen var bleven brændt paa og med sit Skib. 

Medens overalt ellers i Landet Vikingegrave med ubrændt Lig har 

vist sig forholdsvis hyppige, har de derimod langs hele Vestkysten 

været rene Undtagelser, og idet altsaa 1 denne Landsdel Ligbrand 

maatte antages at have været den almindelige Gravskik, fulgte deraf, 

at Udsigterne til et »Skibsfundc paa disse Kanter har været smaa. 

Sidst Sommer blev imidlertid indberettet, at man i Storhau- 

gen paa Karmøen skulde have fundet tydelige Rester af et i Hau- 

gen begravet Skib. Storhaugen skal ifølge norske Fornlevninger 

(S. 348) være en af de største i Landet, men allerede 

har Eierne hentet Jord og Fyld fra den, saaledes at nu næsten den 

ene Halvpart skal være borte. Paa Afdelingens Bekostning blev 

strax foretaget nogle foreløbige Undersøgelser, og efter at der ved 

disse er skaffet Sikkerhed for, at Haugen virkelig har dækket en 

Skibsbegravelse, vil Museet til Sommeren lade foretage en plan- 

mæssig Udgravningj for at redde alle de Oplysninger, som endnu kan 

lade sig indsamle fra dette storartede Mindesmærke. 

Af Gjenstande fra Middelalderen kan fremhæves et Røgelseskar 

fra Fidfjord og Fodstykket af en Monstrans af forgyldt Kobber fra 

Hoprekstad Kirke i Sogn. Monstransen har sexbladet Fodstykke 

og høi Stamme med sexkantet Knap, men af hele Overbygningen, 

der i Regelen har Form af et lidet gothisk Taarn, er intet tilbage. 

Museet eiede tidligere kun et lignende Stykke, der ligesom det ny- 

erhvervede er bleven bevaret paa den Maade, at det efter Refor- 

mationen er bleven degraderet, forsynet med Lysepibe og taget i 

Brug som simpel Lysestage. 

Et andet mere kunstfærdigt men ogsaa meget ældre Minde om 

Middelalderens religiøse Skikke er det her Fig. 4 afbildede Drage- 

hoved, der engang har prydet Gavlspidsen paa Relikvieskrinet i 

Torvestad Kirke paa Karmøen. Det er af forgyldt Kobber og fandtes 

ved Gravning i den gamle, nu nedrevne Kirkes Kor. 

I Middelalderen havde vistnok de fleste af vore Kirker mindst 

en saadan Helligdom. De førtes omkring ved høitidelige Proces- 



— 259 — 

sioner paa de forskjellige Festdage, da Gaver og Offer indsamledes 

til Kirkernes og Geistlighedens Underhold. Paa dem aflagdes ofte 

Ed, og ved overhængende Fare saasom Ildebrand blev de ikke sjel- 

den hentede ud for at standse de onde Magter. 

De havde i Regelen Plads paa Alterbordet, men efterat Refor- 

mationen havde ødelagt deres Hellighed, blev de fleste vistnok strax 

ødelagte, og nu er det yderst sjelden, at et Brudstykke kommer for 

Lyset. 

Her hos os synes Relikvieskrinene hyppigst at have havt Form 

af smaa Kirkebygninger med Søilegang, spidse Gavler med store 

fremoverbøiede Dragehoveder og gjennembrudt Mønekam. Skrinene 

selv er i Regelen arbeidede af Egetræ og dækkede med forgyldte 

Kobberplader med drevne bibelske Billeder. Disse Plader viser sig 

mere hliælder ikke at være afpassede efter det Skrin, hvorpaa de 

en anpraste. Om deres Oprindelse vides forresten intet bestemt; 

de billedlige Fremstillinger giver ingen Veiledning, og af Ornamen- 

tere er Dragehovederne ubetinget de mest karakteristiske. De 

gjenfindes paa vore Stavekirker, og Formen er maaske oprindelig 

hentet fra Stavnprydelserne paa Vikingetidens Krigsskibe. 

Det her fundne er trods sin beskadigede Tilstand yderst in- 

teressant. Øinene er uforholdsmæssig lange ligesom paa Utnæskir- 

kens Dyrebilleder, de naar lige frem mod Næsespidsen, ere afrundede 

bagtil men tilspidsede fremover. Desværre mangler det karakteristi- 

ske Snudeparti med bugtet Tunge og nedhængende Lap. Derimod 

har Nakken en gjennembrudt Kam og desuden Manke, der falder i 

fem regelmæssige Lokker paa hver Side af Halsen. Med tiltalende 

kunstnerisk Fantasi har den gamle Mester ladet en fin Bladranke 

slynge sig gjennem Uhyrets Manke. Begge Sider ere ens med Und- 

tagelse af, at Bladrankens Stilk paa den ene Side afsluttes med et 

lidet, skarpt tegnet Ormehoved i Profil, der bider over nærmeste 

Bøining og er af udmærket belivende Virkning. Dette Ornaments- 

motiv gjenfindes i Mængde paa Stavekirkernes Udskjæringer. Paa 

Stedjekirkens pragtfulde Portaler er saaledes flere af paafaldende 

Lighed. Maaske derfor at dette ufuldstændige men mærkelige Stykke 

alligevel kan være en Prøve paa indenlandsk Kunstfærdighed i Nor- 

ges ældre Middelalder. 

Ifølge Sagnet skal Kirken i Nedstryn engang have staaet paa 

Gaarden Kirkeide høiere oppe 1 Dalen. Paa denne Gaard sees for- 

skjellige Gravhauger men ingen Minder fra den kristne Gudstjeneste. 

Dog paavises et Markstykke, hvor der ved Gravning jævnligen 

findes Ben, og hvor altsaa Kirkegaarden antages at have været. 
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I dette Markstykke paatraf Gaardeieren sidst Sommer den her 

afbildede Helle, der efter sin Form nærmest ser ud til at være en 

gammel Gravsten. Vistnok synes det, som om dette Slags Mindes- 

mærker hos os i den katholske Tid har været forholdvis sjeldne, 

dog var de tydeligvis kjendte og ved særegne Anledninger i Brug 

ligefra de første Aarhundreder efter Kristendommens Indførelse. Af 

de til vor Tid bevarede udmærker sig de »kisteformede« Gravstene, 

der i Regelen antages ældre end Aar 1200. Oversiden er tagformet, 

enten stum eller ogsaa forsynet med Indskrift og enkelte kristelige 

Ornamenter eller Symboler, især Korsets Tegn 1 ophøiet Arbeide. 

Stenen fra Kirkeide er imidlertid ulige simplere. Kanterne er 

tildannede ved grove Slag, og kun Overfladen synes at være afglattet, 

forinden den blev forsynet med de indhugne eller indgnedne Orna- 

mentbilleder. Disse maa vel antages i sin Tid at have havt en 

Mening, rimeligst symbolsk, men ere nu vanskelige at forklare. 

Billedstene ere her i Landet i det hele yderst sjelden 

de hidtil kjendte frembyder den nyfundne kun liden Overensstem- 

melse. Saavel Forsiringsmaaden som de enkelte Figurer og deres 

symmetriske Ordning frembyder saa meget eiendommeligt, at man 

endog kan komme i Tvivl, om Hellen virkelig er et kristent Grav- 

minde og ikke en Billedsten fra Broncealderens hemmelighedsfulde 

Tidsalder. 

Den lange Midtlinie med den stigbøileformede Udvidelse ved 

Rodenden, der slutter sig umiddelbart til to paralelle Tværlinier, ja 

selv den runde Topskive synes at forudsætte en Korsfiørr il 

Afslutning (kfr. Aarb. 1876, Fig. 9 og 16), men istedet derfor er 

her indhugget en bred Straalekreds, der vistnok har Wieanke- 

hed med en Helleristningsfigur end med noget kristeligt Symbol. 

Det samme gjælder den trebugtede Linie (Slangen) og de kon- 

centriske Ringe, der ganske svarer til et af de hellige Tegn, som 

er indhugget paa Gavlhellen i det store Broncealders Gravkam- 

mer paa Rege paa Jæderen (se Afbildn. i AarbesN 

Vistnok kunde de koncentriske Ringe og den ligeoverfor stillede 

bueformede Figur tænkes at skulle betegne Sol og Maane, en 

Fremstilling, der er almindelig paa Billedgrupper fra den ældre 

Middelalder, og som forekommer f. Ex. to Gange paa den mærk- 

værdige malede Tavle (Urda I, der før hang i Nedstryns Kirke, 

formodentlig netop i den Kirke, 1 hvis Tomt Billedstenen er funden. 

Men for det første er Fremstillingen der noget anderledes og Maa- 

nen afbildet staaende, ikke liggende som paa Stenen, for det andet 
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synes disse samme Figurer eller Symboler at have været i Brug og 

at have havt samme Betydning i fjernt adskilte Tider og Lande. 

Tydelig er Fremstillingen af en Kam nederst paa den ene Side 

af Midtlinien. Men ogsaa Kammens buede Ryg med de to gjen- 

nembrudte Aabninger har virkelig større Lighed med de Kamformer, 

der kjendes fra Broncealderen, end med vore middelalderske. En 

lignende Fremstilling vides heller ikke at være bemærket paa noget 

Gravminde her i Landet eller i Norden, hvorimod der i Skotland 

paa »sculptured stones« tra den ældste kristelige Tid ikke sjelden 

forekommer Billede af en Kam sammen med »Kors, Solskiver, 

Bører og Elefanterc. — (Stuart: Sculptured stones, Tombeau de 

Childeric 374, Archæological Annals of Scotland Pag. 500.) 

Ovenfor Kammen lodret paa den er anbragt en spidsoval Figur, 

der ligner to Figurer paa Kivikmonumentets ene Billedsten, se Nor- 

dens Urindv. 2, Pag. 5, No. 1. Figuren er tydelig, men hvad den 

skal fremstille, er usikkert. 

Som det sees paa Afbildningen, er der paa hver Side af Midt- 

linien indhugget tre Tegn. Desværre har den øverste og nederste 

Figur paa den ene Side været enten løsere indhugget end de andre 

eller mere udsatte for Slid, saaledes at de nu vanskelig kan forfølges 

eller bestemmes. Den øverste kunde maaske, idet dens tre para- 

lelle Linier øverst synes at forene sig og danne to Buer, have været 

tydet som Omega, saafremt den tilsvarende Figur paa den an- 

den Side af Midtstregen havde havt nogensomhelst Lighed med et 

Alpha. Men den bugtede Linie kan umulig tolkes paa den Maade. 

Af den nederste Figur kan udskilles en liden Ring og to brede 

Linier, men Forbindelsen mellem dem er ganske uklar. 

Ligesaa usædvanlige og gaadefulde som Stenens Billeder ere, 

ligesaa usikker er altsaa dens Alder. 

Figurerne ere alle ganske grunde og synes mere at være ban- 

kede ind med en skarp Sten end meislede med et Ægværktøi af Jern 

eller Staal. I den Henseende, med Hensyn til Arbeidsmaaden, viser 

disse Figurer ulige større Overensstemmelse med Tegnene paa Rege- 

gravens Gavlhelle, end f. Ex. med de middelalderske Billeder paa 

Runestenen fra Tuv paa Jæderen (Fornl. 300). Linierne paa denne 

er ulige skarpere, næsten ligesaa dybe som brede. Tuvstenen og 

Hellen fra Kirkeide er af samme Stenart, haard Sandsten, medens 

Gavlstenen i Rægegraven er af Granit ligesom de fleste Helleristnings- 

tavler. De besynderlige Billedstene fra Mjeltehaugen paa Giske er 

af Skifer, hvorfor de indhugne Linier viser flisede Kanter med ujævn 

Bund. Mjeltehaugens Heller kan efter al Sandsynlighed henføres til 
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Broncealderen, kfr. Aarsberetn. 1878, 349, men frembyder forresten 

ikke mange Sammenligningspunkter, uagtet der paa enkelte af de 

mindre Brudstykker forekommer baade en Straalering og koncen- 

triske Kredse. Først nye Fund og bedre Indsigt i de gamles Fore- 

stillingskreds vil kunne løse Kirkeidestenens Gaade. 

Museets Samling af national-ethnografiske Sager har ved Sam- 

lagets Bevilgning kunnet modtage en god Forøgelse. 

Fra Vos, Runddalen og indre Sogn er atter indkjøbt en hel Del 

interessante gamie Husgeraadsgjenstande, især af Træ og to kunst- 

færdige Belter. 

For ellers kun at nævne det vigtigste maa fremhæves et yderst 

sjeldent Hængeskab fra Valders med godt udførte og sikkert 

skaarne Ornamenter; et godt bevaret gammelt Aaklæde fra Lekan- 

ger, en prægtig udskaaret og meget stor Renaissancekiste af Egetræ, 

skjænket af Forstander Hartwig, et aldeles helt og uskadt Belarminer- 

krus, indkjøbt i Gloppen, et Hængesmykke af Sølv med gothiske Blad- 

ornamenter og Indskrift SVNNWE + GVS: BRANDT + DOTTER 

1576, og to med Hensyn til Udskjæringer her i Samlingen hidtil 

enestaaende Hankeskaaler af Træ. 

Savnet af Udstillingsskabe gjælder i særlig Grad denne Afdeling. 

Meget maa pakkes bort, og det øvrige kan vanskelig bringes i den 

ønskelige Orden. Museets national-ethnografiske Samlinger giver 

derfor langt fra det Indtryk, som de ved sin nærværende Rigdom 

under heldigere Forhold baade kunde og burde give. 

For Mynt- og Medaillesamlingens Vedkommende skal man ind- 

skrænke sig til at nævne I4 yderst sjeldne Mynter fra Harald Haard- 

raade, alle med forskjelligt Præg, fundne paa Imsland 1 Ryfylke, og 

et Pragtexemplar af den i Anledning af Slaget paa Bergens Vaag i 

1665 af Hollænderne prægede Medaille, foræret af Hr. Ritmester 

Henrik Friele. I Museets Medaillesamling fandtes tidligere kun to 

slette Tinafstøbninger af denne for Bergens Historie interessante 

Skuepenge, hvis Advers fremstiller Slaget og Vaagen, medens Reversen 

indeholder et Digt til Forherligelse af Hollændernes Seier. 

Bergen i Direktionen for Museets historisk-antikvariske Afdeling, 

2rde April 1886. 

Platou. Henrichsen. B. E. Bendixen, 

A. Lorange. 



Fortegnelse 

over de i 1886 til Bergens Museums historisk-antikvariske Afdeling 

w 

IO. 

I. 

12. 

indkomne Gaver. 

Kran horfjeld €. Hered: Et Røgelseskar fra Middelalderen, 

under i Jorden paa Hereid 1 Eidfjord, Hardanger. Det laa 

ømtr20” dybt og i Trækul. 

Fra Hr. Albert Johan Mohn: Leopoldus Rom. Imp: Maguntia 

recepta, forgyldt Tinmedaille. 1689. 

Fra Hr. Skibskaptein Abrahamsen, Skib Lina: Otte rom. Bronce- 

mynter. 

Fra Hr. Salveésen,-Farsund: Tre Haandsnellehjul fra Lister. 

Bradt. Overrétssagfører Christen Faye: Tre Papirdokumenter 

fra Beg. af forrige Aarh., vedkommende Salget af et Grund- 

stykke, »Rosenberghaven< kaldet. 

. Fra Hr. David Reusch, Kjøbmd.: Frindringsmedaille, præget 

af Metal fra Ballonen »ville d' Orleansc. 

ee iskernsekretær SA. Buch: 0V. Jå tveegget Sværd og 

en Spydspids fra Voss. 

Fra Hr. Kjøbmand Neuhaus: Spiritusmaaler af Elfenben i et 

Træfutteral samt en Maalestok til at beregne en Tøndes Indhold. 

Fra Hr. Asbjørn Johannesen, Folkedahl i Graven: En Benske 

med indridsede Forsiringer paa Bagsiden og Aarstallet 16106. 

Fra Hr. Tandlæge Høghs Bo: Et Par Islægger og en Pigstav 

indkjøbte for omtr. 50 Aar siden paa en Gaard ved Nordaas- 

vandet. | | 

Fra Hr. Lampe: Fem Sølvmynter fra Trediveaarskrigens Tid, 

fnndet 1 Jorden'1 Søndfjord. En fra Chr. IV 1618, de 4 andre 

tydske. 

Fra Overretssagfører J. C. F. B. Mowinckel ved N. Nicoll: En 

falsk Tyvekreuzer Anno 1869 af Hr. Mowinckel hjembragt fra 

Karlsbad. 



14. 

18. 

19. 

20. 

21. 

22. 

29. 

24. 

DE. 

20. 

2 

28: 
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. Fra Lensmand O. S. Mohn: Et enegget bøiet Sværd og et 

Økseblad fundet sammen med'* Bidsel og Hein paa Hole, Vosse- 

stranden. 

Fra Stud. jur. Kristian Bing: En Pilespids, fundet paa Høifjel- 

det ved Mjøsstranden, Telemarken. 

En liden Glasrude med Indskrift Lauridtz Marcuszen 1612. 

Fra Hr. Forstander Hartvig: En stor rigt udskaaret Kiste af 

Beetæ fra Chr IV Tid. 

. Fra Hr. Udskiftningsassistent P. Hansen, Havum: To Spyd- 

spidser fra y. J. fundne 1 en Røs paa Fresvig i Sogn. 

. Fra Rob. B. Armstong, London: Fodstykke til en Monstrans, 

der i sin Tid skal have tilhørt Hoprekstad Kirke. 

Fra Ole Sørensen, Port Natal, ved Albert Mortensen, Adr. 

Sagfører Martens: 2 Halsbaand af brogede Perler og en om- 

spunden Frugtskaal fra Syd-Afrika. 

Fra O. Andr. Olsen, Terøen: Odden af en Spydspids af Flint, 

fundet paa Nordøen ved Terøen, Søndhordland. 

Fra Ivar Flem pr. Rørvik ved Rektor Voss: Et stort Flintred- 

skab fundet i en Myr paa Rørvik ved Aalesund. 

Fra »Farl of Duciec, 16 Portman Sqvare: En Samling smaa 

Flintredskaber indsamlede i Oxfordshire. 

Fra det kongl. danske Myntkabinet: En Skilling danske 1698 

»rarrissimuse«. 

Fra M. Knudtsen hos Falk, Halvkandebakken: En gammel, 

maaske middelaldersk Tollekniv med forsirede lange Holker af 

Messing. Paa den øverste Endeflade er anbragt tre og har 

været fire bevægelige riflede Ringe. 

Fra Lensmand Lem: En i Sogndal fundet Stenøks af Sand- 

sten med paabegyndt Skafthul. 

Fra Dr. med. Ed. Bøckmann, Bergen: Eksemplar i Bronce af den 

store Graefes Medaille, der ved Universitetsfesten i Heidelberg 

1886 meddeltes til Prof. Herman Helmholtz. 

Fra Gaardbruger Helge Loen: Kaarde med enkelt Bøile fra 

Parerstangen til Knappen; fundet i Loen, Nordfjord. 

Fra R. G. Hafstad, Tugthuset, Bergen: Messingbeslag til en 

Taskelaas. 

Hr. Henrik Friele, Ritmester: Sølvmedaille til Erindring om 

Søslaget paa Bergens Vaag, sjeldent og smukt Eksemplar. 

En Gustav-Adolfsthaler, gjennemskaaret, 4 Mark svensk, 2 

slesvigske Sølvmynter og en ensidet Erindrings-Medaille over 

Sophie Magdalena. 
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Fra Frk. Valborg Platou: Et Tolamarastykke (2 Francs) præget 

1875 for Kong Milan af Serbien. 

Fra OQOverretssagfører Carl Platou: En romersk Keisermynt af 

Bronce. 

Fra Cand. I. Ross: 2 smaa Brudstykker af en urtepotteformig 

Lerurne; fundet i en Grav paa Regelstad, Finø, Ryfylke. 

Era Bars G. Røkenæs i Hammer: En i Jorden fundet bred 

Jordhakke (celt), fundet paa Røkenæs i Hammer. 

Fra Skolediscipel Ludvig Ameln, Adr. Mølleeier Ameln, Fos- 

winckelsgade 13 ved Læge N. Nicoll: Kobbermynt 1835. 1 

Pina) East India Comp. 

Fra Kjøbmand Feser, Bergen: En høi Vase eller vaseformet 

Opsats af drevet Messing. 

FeNkipt Meydell, Bergén: Et lidet ovalt Skrin med tætte 

Messingbeslag og mange Rum; fra Balestrand i Sogn. 

Fra Agent Johan Matthiesen, Møhlenpris: En spansk og en ma- 

rokkansk Kobbermynt. 

Pastor Walnum: Beslagstykke til et Relikvieskrin; fundet i 

Torvestad Kirke. 

A. Lorange. 

18 
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Bergens Museums 

naturhistoriske Samlingers Forøgelse i 1886. 

Fortegnelse over indkomne Gaver. 

Dampskibsexpeditør Gundersen, Farsund: Anas acuta og Bernicla 

torquata. 

H. Hjørnevik: Lophortyx californicus. 

Inspektør 5. Buch: Anser cinerea. 

Alfred Meidell: En fossil Haitand. 

Skibskaptein Abrahamsen: Sargassotang og en Del Insekter. 

Sognepræst Greve, Vanelven: Uria troile (Albino). 

Oberstløitnant Gill: Æg af Langshanshøne (120 Gr.). 

John Lilleskaret: Tritonia Hombergii og endel andre Evertebrater. 

Dyrlæge I. Nielsen: Bændelorm fra Mus. 

Dr. Klaus Hanssen: Et Menneskefoster. 

Consul Børs, New York: Ovis nivicola (han og hun) fra Kamtschatka. 

Konservator L. Steineger, Washington: Skind af Eumetopias Stelleri 

(han), Callorhinus ursinus (gml. og ung han, hun, dunklædt Unge); 

Kranier af Vulpes lagopus, Mustela zibellina, Ursus arctos, Cal- 

lorhinus ursinus, Eumetopias Stelleri samt en Samling nord- 

amerikanske Fugleskind, hvoriblandt Thalassoactos pelagicus. 

Kjøbmand Johannesen, Reykjavik: Larus marinus og et Stykke 

Kryolith. 

Toldfunktionær Hagen: Chimæra monstrosa. 

Kaptein Haugland: Melithophagus, Boa constrictor og Krokodille 

fra Senegambien. 

Prof. Noll, Frankfurt a/M: Spongilla Lieberkuhnii. 

Toldbetjent Rasmussen: En Rundorm. 

N. Danielsen: Chimæra monstrosa. 

Kaptein Kahrs: Tand af Pristis antiquorum. 



Kaptein Bruland: Fiske og Evertebrater fra Atlanterhavet. 

Mathias Steen: Slimaal. 

Ingeniør Jordan: Dafila acuta. 

Rektor Voss, Aalesund: Nephrops norvegicus. 

Prof. R. Collett: Otus vulgaris, Eudromias morinellus, Pyrrhula me- 

lanissima, Lusciola suecica. 

Præparant Glimme: Indenlandske Fugleskind. 

Kjøbmand Larsen: En Kaie. 

Lars N. Blaabærvig: Pennatula borealis. 

Albertine Friele: Turdus musicus. 

L. Meyer, Aastvedt: Eremitkrebs med paasiddende Actinier. 

Jakob Næsdal: En Vibe. 

Jakob Liske, Bremanger: Chimæra monstrosa. 

Kjøbmand Blytt: Sargassotang. 

Styrmand Mikkelsen: Slanger, Firben, Fiske, Evertebrater. 

Adjunkt Vetlesen: Hæmatopus ostrilegus. 

Hugo Mowinckel: Vanellus cristatus, Numenius arcuatus. 

Kjøbmand Geelmuyden: Dafila acuta. 

Ole N. Byseim: Gjærdesmut. 

N. Danielsen: En Nereis. 

Fiskebazaren: 'Yngel af Clio borealis. 

Overlæge Dr. D. C. Danielssen: 3 Larus marinus. 

Kaptein Axel Juell: Koalabønne fra Køllefjord. 

Konservator Lorange: Anser albifrons fra Farsund. 

Direktør H. Friele: Indenlandske Fugleskind. 

Wilhelmsen, Haakonsund: Fiskeyngel og Evertebrater. 

Styrmand Gjæstdal: Søslange og Krustace fra Sumatra. 

Kaptein Th. Brown: Pekari fra Brasilien. 

K. Sjursen Li: Rundorm. 

Abraham E. Bueland: Lampris guttatus. 

Slagter Hansen: Unger af Husmus. 

Ole Sørensen: Slangeskind fra Port Natal. 

Boghandler Floor: Cyclopterus lumpus. 

A. Eriksen, Ostereid: Omatostrephes todarus. 

Kaptein M. A. Selliken: Foster af Balænoptera musculus og Me- 

gaptera boops. 

Stud. jur. Daae Olsen: Kophobolemnon Møbii. 

Assessor Christie: Amfibier. 

Sergeant Legreide: Trachinus draco. 

K. Lund, Stryn: Falco lithofalco. 

Anton Dahl: Raja radiata. 



N. Lund: Vandspidsmus. 

Mrjickeli jr., Siebenbirgen: Et Ulveskind. 

Hugo Mowinckel: Skind af en ung Ren (3-aaring). 

M. Nielsen, Louisendal, Sogn: Pagellus centrodontes. 

Kjøbmand F. Ameln: En abnorm Flyndre. 

I. M. Grieg: Larus fuscus. 

Bager Amundsen: Irisk (Bastard). 

Heine, Vaagsbø, Fane: Paragorgia arborea. 

Feierinspektør Rasmussen: En Del af en Furustamme, gjennem- 

boret af Billelarver. 

Fiskebazaren: Solea platessa, Hummer. 

Rektor Voss, Aalesund: En Munida. 

K. Krøepelien: Et Ekorn og en Papegøi. 

J. E. Øjen, Søndfjord: Xiphias gladius. 

Kristian Dekke: En Dompap. 

Grande: Strix aluco. 

H. Reimers: 2 Edderkopreder fra Indien. 

Ingeniør Gill: Podiceps cristatus. 

Svend Utne, Søndhordland: (Caryocatactes guttatus. 

Bundtmager Brandt: Hjørnetand af Flodhest. 

Dr. Klaus Hanssen: Menneskefoster. 

A. Larsen Rønnestrand, Eide i Hardanger: Alcedo ispida. 

Distriktslæge Schou, Søndfjord: Merganser castor. 

Styrmand Rasmussen: Harelda glacialis. 

Dr. Wiesener: Menneskefoster. 

Amund Børve: Paragorgia arborea. 

Kaptein Jakob Falck: Tand af Hyperoodon rostratum med paa- 

siddende Lepades. 

X 

Oversigt over Samlingernes Tilvækst. 

Naturalier indkomne ved Bytte: 

Gaedasknd 5 

kanedyskeen AE 

geslesande 0 230 

Hiseskleten 2 

epler og Amber 00000104 

sk 010 

Holmsken Faks 304 

Tilsammen 656 



Naturalier indkomne ved Gaver: 

Menneskefostre 3 

Pattedyrskind . SEG OG 

Pattedyrskeletter, Kranier og Skeletdele Na 

Pattedyrfostre . 00 SJON Ge 

Fugleskind . 24 240000 

Reptilier og Amfibier. 0 

Fiske: 4 SG MUR 

Mollusker . SS 

Leddyr. Je Fe 

Echinodermer . 15 

Coelenterater 12 

Mineraler og Fossiler . 2 

Tilsammen 287 

Naturalier indkomne ved Kjøb: 

Pattedyrskind. De sot 

Pattedyrfostre (:/- 2 sd ep EE 

Pattedyrskeletter .:. 0 COM 

Fugleskind. > «sekst sed A E 

Fiske. pg fe ME 

Leddyr 7 

Echinodermer. v e«Griu dø krøll ee 

Coelenterater. 5 

Tilsammen 77 

Naturalier indkomne ved Excursioner: 

Ca. 100 Fugleskind og 400 Evertebrater. 
Museet har desuden kjøbt endel af afdøde Konservator Korens 

Evertebratsamling. 

Ialt er der indkommet til den naturhistoriske Afdeling: 

ved Bytte SJ SIES 

> Gaver SJ08. Sr JESS SEA EG 

Rø Sulo 

» Excursioner 2 06 je 

Tilsammen 1520 
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Af de indkomne Naturalier er følgende sjeldnere og større at 

udhæve: 

Fostre af Phoca vitulina, Balænoptera rostrata, Bal. musculus, Me- 

gaptera boops, Phocæna communis, Orca gladiator. Skeletter af 

Balænoptera rostrata og musculus. 

Gymnetrus glesne (2.5 m. 1.) fra Seimstranden. 

Pyrrhula melanissima. 

Alauda arborea fra Skogsvaag. 

En ung Chimpanse. 

En ung Gorilla. 

Skelet af Manatus americanus. 

En Samling udenlandske Mollusker, Fiske, Amfibier, Reptilier, Patte- 

dyr og Fugle, specielt amerikanske Fugle, hvoriblandt kan 

nævnes Thalassoaetos pelagicus. 

Ovis nivicola (mas. og fem.) fra Kamtschatka. 

FEumetopias Stelleri (mas.), Callorhinus ursinus (mas. ad et juv., fem. 

og juv. i Dundragt) fra Beringshavet. 

Peristera turtur fra Brudvik. 

Lampris guttatus. 

Skind af Ulv, Ren og Elg. 

Xiphias gladius fra Søndfjord. 

Garrulus glandarius fra Bergen. 

Alcedo ispida fra Eide, Hardanger. 

Tand af Hyperoodon rostratum med paasiddende Langhalse. 

I Aaarets Løb har Museet staaet i Bytteforbindelse med føl- 

gende Herrer og videnskabelige Anstalter: 

Prof. Dr. Pagenstecher, Zool. Museum, Hamburg. 

Dr. Spengel, Die Stådtischen Sammlungen, Bremen. 

Prof. Dr. Noll, Senckenbergische Gesellschaft, Frankfurt a M. 

Konservator L. Steineger, Smithsonian Institution, Washington. 

Naturaliehandler G. A. Frank, London. 

Af Inventar en intet væsentlig nyt anskaffet. De fleste af de 

ifjor bestilte Glas ankom først i Begyndelsen af forløbne Aar. I 

Pibe Spiritus anskaffet. Samlingen af Hvalskeletter er forandret, 

saaat der nu ogsaa hænger Hvalskeletter i den nordøstre Sal. Des- 

uden er der ophængt Skeletter af Balænoptera borealis og Megaptera 

boops, endvidere er der opstillet i Samlingen et stort Skelet af den 

indiske Flefant. 

Siden Afdelingens forrige Beretning har Dr. J. Brunchorst til- 
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traadt sin Konservatorpost, og et plantefysiologisk Laboratorium med 

de nødvendigste Apparater er istandbragt. Tillige har Afdelingen 

ifølge Direktionens Bemyndigelse overtaget Udgivelsen af Tidsskriftet 

»Naturenc. | 

Flere Sale er saa overfyldte, at der tænkes paa at skaffe mere 

Rum; men herom vil Afdelingen ved en anden Leilighed henvende 

sig til Direktionen. 

OQverlæge G. A. Hansen har som Resultat af sin Stipendiereise 

indsendt en hel be lavereflbyr 

Følgende Afhandlinger vil ifølge Direktionsbeslutning blive op- 

tagne i Aarsberetningen: Konservator J. Grieg: Bidrag til de norske 

Alcyonarier, med 9 Tavler. — Konservator Dr. J. Brunchorst: 

Om en almindelig Sygdom paa Potetesknoller, med 1 Tavle; Be- 

kjæmpelse af »Knop« paa Kaal; om Rodknollerne hos Older og 

Elåagnaceerne, med 1 Tavle. — Konservator Fridtjof Nansen: 

Nervecellernes finere Struktur og Sammenhæng, med 11 autogra- 

fiske Tavler. 

D'Herrer Konservatorer Nansen og Grieg har foretaget zoolo- 

giske Undersøgelser og derved gjort Indsamlinger af lavere Dyr, og 

Konservator Brunchorst foretog i August Maaned en Reise paa 

Jæderen for at studere Plantesygdomme, samt gjøre Indsamlinger 

at botaniske Gjenstande, der senere bliver at opstille, naar det dertil 

fornødne Opstillingsmateriale er anskaffet. 

Konservator Nansen opholdt sig fra Februar til henimod Slut- 

ningen af Juni i Udlandet paa en Studiereise for egen Bekostning. 

I Tyskland besøgte han en hel Del Museer, og i Italien arbeidede 

han i 2 Maaneder i Neapel paa den derværende zoologiske Station. 

Museets naturhistoriske Samlinger og Bibliothek har været be- 

nyttet kortere og længere Tid af D'Herrer Zoologer Dr. Kikenthal, 

Director Beyer og Stud. nat. Kallide. 

Museets naturhistoriske Afdeling 13de April 1887. 

D. C. Danielssen. G. A. Hansen. Herman Friele B. S. 

N. Nicoll. 



Indberetning 

fra 

Bergens Museums Bibliothekar 

Generalforsamlingen 21de April 1887. 



I Aaret 1886 er Museets Bibliothek bleven forøget med 813 

Bind og Hefter, hvoraf 417 er Gaver.  Heraf henhører 606 Num- 

mere til den naturhistoriske Afdeling og 207 til den historisk- anti- 

kvariske. 

C. Fastings Bibliothek er i dette Aar ikke bleven forøget. 

I samme Tidsrum har været udlaant 437 Bind, foruden hvad 

der er benyttet paa Stedet af Museets Funktionærer og fremmede 

Studerende. | 

Udlaanstiden har været den samme som i nærmest foregaaende 

Aar. 

Bøgernes Antal i Bibliotheket var ved Udgangen af 1885 10,825 No. 

Tilvæxt i 1886 .<2vv7”47494qb ke 

11,638 No. 

FIC Fastinss Bolo FN 0 DONE 798 » 

For begge Bibliotheker tilsammen nå Uddtgen af 1886 12,436 No. 

Dette Antal formindskes dog noget efterhvert som Hefterne sam- 

les og indbindes. 

Bergens Museum, 20de April 1887. 

P. Hysing. 



Gaver til Bergens Museums Bibliothek 1886. 

Overlæge Dr. D. C. Danielssen.  Leopoldina, amtliches Organ der 

deutschen Akademie der Naturforscher zu Halle. 1885—86. 

Die Nudibranchien des nordischen Eismeeres von Dr. R. Bergh; 

mit Tafeln. 

Sveriges Statskalender 1885. 

Bulletin de la Société zoologique de France 1885—86. 

Results of ornithological explorations in the Commander Island 

and Kamtschatka by Leonh. Steineger. 

Report sur le fonctionnement du laboratoire de Concarneau, 

KöS5, par Gi Pouchet. 

Du systeme nerveux chez les invertébrés par E. Blanchard. 

Die österreichische Polar-Station Jan Mayen. Beobachtungen, 

Heft I, mit Karten und Tafeln. 

Beitråge zu der Kenntniss der Gephyren aus dem malayischen 

rekpel von De € P. Slutter. Mittheilungen IV. 

A Monograph of the fossil Echinoides in the Persian Gulf by 

M. Duncan and P. Sladen. 

Tijdschrift, nederlandsch, foor de Dierkunde. Jaargang V, Hft. 

I —2. 

Annales de la Société malacologique de Belgique, Tome XI— 

XIX. 1876—84. 

63ter Jahresbericht der schlesischen Gesellschaft fur vaterlån- 

dische Cultur in Breslau 1883. 

Rhizodendron oppoliense, Göpp, mit 3 Tafeln. Von K. G. Stenzel. 

kesipreuves de la formation récente de la Mediterranée par E. 

Blanchard. 

Do. de Peffondrement dun continent austral pendant lage mo- 

derme de la terre, par Do. 

Do. de la dissémination des especes végétales et animales et la 

connaissance des flores et des faunes dans son application 

a la geographie et å Ihistoire du globe, par Do. 

Beitråge zu der Kenntnis der Gephyreen aus dem malayischen 

Amehipel, von € PP. Sluiter. 

Fossili del giura-lias di Segan e di Valpore. Autore Å. de 

Gregoris. 

Nota intorno a taluni fossili di monte Erice di Sicilia. Do. 

On the variations in the form of the cirri in certain comatulæ, 

pyP E Carpenter. 

The comatulæ of the Willem Barents's expedition, by Do. 
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Konservator F. Nansen. Jahresbericht VIII und IX des Ausschuszes 

fir Beobachtungs-Stationen der Vögel Deutschlands. 

Observator Åstrand. Mindre Afhandlinger I, 

Fiskeriselskabet. Norsk Fiskeritidende for 1886. 

Aarsberetning for 1885. 

Indberetning til Indredepart. om de i 1885 udførte praktisk- 

videnskabelige Undersøgelser om Vaarsildefisket. 

Sagfører K. Faye 4 Dokumenter vedkommende Rosenberghaven. 
Manuskripter. 

Skibsfører Lervig.  Brochmands Huspostil (1739). 

Biskop Hvoslev. Norsk Lovtidende 1885—86. 

Konservator F. Nansen. Ancient and modern methods of Arrow 

Release with illustrations, by E. Morse. 

Apotheker Chr. Ellermann. Forsøg til en pharmaceutisk Haandbog 

for Begyndere, ved J. Møller. 

Udførlig Fremstilling af Chemiens Hovedlærdomme, ved W. C. 

Zeise. 

Cuviers elementarischer Entwirf der Naturgeschichte der Thiere, 

von C. R. Weidemann. 

Ved Museets Overtagelse af Maanedsskriftet »Naturen«. The Ame- 

rican Naturalist, an illustrated magazine of natural history. 

Vol. XIV—XVIIL 1880—384. 

Knowledge, an illustrated Magazine of science. Vol. I—IX. 

The natural history journal and school reporter. IV—X. 

La Nature, revue des sciences et leurs applications etc. Vol. I-V. 

Die Natur, Zeitung zur Verbreitung naturwiss. Kenntniss fur Leser 

aller Stånde. Band 3—10. 

Der Naturforscher, Wochenblatt zur Verbreitung der Fortschritte 

in den Naturwissenschaften. Jahrgang 1881—385. 

Norsk Magazin for Lægevidenskaben. Vol. IV—XVL 

Tidsskrift for praktisk Medicin. Aargang 1884—386, 

Humboldt, Monatschrift fir die gesammten Naturwissenschaften. 

Jahrgang I—IV. 

Mittheilungen des Vereins fir Frdkunde zu Halle 1885. 

Do. zu Leipzig, Jahrgang 1870—86. 

Norsk Jæger- og Fiskeriforenings Tidsskrift 1883—86. 

Norsk teknisk Tidsskrift, Aargang 1—4. 1883—86. 

Norsk Havetidende. Aargang 1—2. 1885—86. 

Jahresbericht der geographischen Gesellschaft zu Greifswalde 

I, II. 1882—384. 

Deutsche geographische Blåtter. Jahrgang II—IX. 
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Amtmand Morgenstjerne, Stavanger. Indstilling angaaende Land- 

brugsskolen, 1885. 

Om Arbeiderforsikringer, 1885. 

Peder Fylling, Søndmøre. Følgende Manuskripter: 
Historisk-antikvariske Optegnelser i Skodje, Watne og Ørskoug 

Søgne paa Søndmøre. > 3 Hefter. 

P.BFyllings Selvbiograf. 1 Hette. 

Gamle Breve oversatte af P. F. 2 Hefter. 

Historiske Optegnelser om Harhamsøen og Voldseth. 1 Hefte. 

Et Par Ord om Opløbet i Borgunds Sogn 1816. 1 Hefte. 

Historiske Optegnelser. 1 Hefte. 

Måle 1 de Mai 1884 af P. F. 

En Samling Breve skrevne til P. Fylling fra forskjellige Mænd. 

Giskeætten paa Søndmøre, af P. Fylling. Aalesund 1883. 

Om Gaarden Blindheim paa Vigerøen og om Gretters Basketag 

paa Harham Aar 1015. Aalesund 1884. 

Konservator Sparre Schneider, Tromsø. —Undersøgelser om Dyre- 

vet i de arktiske Fjorde. I—Il. 

Tromsø Museum. Tromsø Museums Aarsberetning 1885. 

Do. Aarshefter, IX, 1886. 

koldkasserer UC. Pettersen, Trömsø. Vestfjorden og Salten; med 

geologisk Kart. 

Kvartærtidens Udviklingshistorie i det nordlige Norge; med 

Kart. 

M. Foslie, Tromsø. Kritisk Fortegnelse over Norges Havsalger ind- 

til 1850. 

Videnskabernes Selskab i Trondhjem. Skrifter 1885. 

Hans Majestæt Kong Oscar II. Fjerde Beretning om Bygdøens 

Kongsgaard, med Illustr. og Kart. 

Kirkedepartementet. Norges gamle Love, 4de Bind ved G. Storm. 

Finantsdepartementet. 35te ordentlige Storthings Forhandlinger 1886. 

6 Bind med Register. 

Storthings-Efterretninger 1836—354. B. 1. Hf. 4—6. 

Forklaringer til Statsregnskabet 1884—85. 

Justitsdepartementet. Norsk Lovtidende for 1885. Hf. 4. 

Do. 1886. Hf. 1—2. 

Professor Dr. H. Mohn. Mission scientifique de Cap Horn 1882 

—83. Tom. III. 

Beobachtungen der erdmagnetischen Elemente und Erdströme im 

Observatorium zu Pawlowsk 1882—83, von H. Wild; mit 

Ma 
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Die österreichische Polarstation Jan Mayen; Beobachtungs Er- 
gebnisse B. 1—3. 

Beobachtungen der russischen Polarstation an der Lenamiindung 
1882—83. Meteorologie. Von A. Eigner. 

Expedition polaire finlandaise de Sodankylå et de Kultala 
1882—84. Par S. Lemström et E. Biese. | 

Beobachtungen iiber die periodischen Frscheinungen des Pflan- 
zenlebens in Finland 1883; von A. O. Kehlman. 

Videnskabsselskabet 1 Kristiania. Forhandlinger 1885. 

Overhofintendant Chr. Holst. Fortegnelse over videnskabelige In- 

stitutioner og literære Bytteforbindelser til Veiledning for 

det norske Universitet. 2den Udgave 1885. 

Universitetet. Universitets-Bibliothekets Aarbog 1885. 

Prof. Dr. H. Mohn. Report of the international Polar-Expedition of 

point Barrow, Alaska; 1882—83. 

Det statistiske Centralbureau. Norges officielle Statistik, 3die Række, 

No. 1: 1—4; No. 2: 11, 12—14, 152909 

Meddelelser 3die og 4de B. 

Statistisk Aarbog, 6te Aargang 1885—86. 

Indredepartementet.  Fortegnelse over Læger, Tandlæger og Dyr- 

læger 1886. | | 

Den geografiske Opmaaling. Topografiske Karter 15 og 59 A, 

JEG 45 10915210. 

Kystkart fra Ona til Smølen. 

Kystkart fra Bejan til Løvø. 

Den norske Lods 8de Hefte: Throndhjemsleden til den rus- 

siske Grændse. 

Videnskabs Selskabet i Kristiania. Eine Augustin fålschlich beilegte 

Homilia de Sacrileglis. 

Den historiske Kildeskriftkommission. Borgarthings ældre Kristenret 

i fotolithografisk Gjengivelse. 

Konservator Dr. J. Brunchorst. Ueber die Function der Spitze bei 

den Richtungsbewegungen der Wurzeln. 

Ueber die Knöllchen an den Leguminosenwurzeln. 

Ueber die Wurzelanschwellungen von Alnus und den Elåagna- 

ceen. — Alle af J. Brunchorst. 

Kgl. Wetenskaps Akademien i Stockholm. Handlingar Vol. XIX 

og XX for Aarene 1881—83. 

Lefnadsteckningar öfver Akademiens efter Aar 1854 aflidna 

ledamdöter. 
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Förteckning öfver innehållet af Akademiens Skrifter 1826—383, 

ved W. Dahlgren. 

Minnesteckning öfver Gustav af Klint, ved G. Skogman. 

Årsberetning 1882—84. 

Öfversigt af Akademiens förhandlingar 1885—86. 

Bihang till Akademiens handlingar. B. 10. 

A. H. Malm, Göteborg. Om Sowerby's Hval; med 1 Tavle. 

P. Olson, Östersund, Jemtland. Förteckning öfver Östersunds högra 

elemertåar-låroverks mynt- och medaljesamling, II. 

Entozoa iakttagna hos skandinaviske havsfiskar. Platyhelmin- 

ther, I. 

Bidrag till Skandinaviens Helminthefauna, I; med 4 Tv. 

Jemtlands fanerogamer och ormbunkar. | 

Om några fornminnen från Jemtland och Ångermanland. 

Minnen från Jemtlands hednatid. 

E. Nordenson. Till Kånnedomen om spontan nåthinneaflossning; 

med 13 Tav. 

A. Hazelius, Stockholm. Saga-minnesblad från nordiska museet, 

1883, med teckningar. 

Bidrag till vår ådlingshåfder; no. I, 2 og 4. 

Samfundet till nordiska museets fråmjande, 1884. 

Prof. W. C. Brögger, Stockholm. Ueber die Bildungsgeschichte der 

Kristianiafjord. 

Observatoriet i Uppsala. Bulletin mensuel 1885. 

Universitetet i Do. Nova acta Vol. XIII. 

Redogjørelse för Kgl. Universitetet under låsaret 1885—80. 

Do. i Lund. Acta Universitatis Lundensis; Tome XXI. 1884. 

Slöidföreningen i Stockholm.  Mönster för konstindustri och slöid. 

Årgång XIII, 1886. 

Meddelanden fran slöidföreningen 1886. 

Videnskabernes Selskab i Kjøbenhavn: 

Skrifter. 6te Række 2 Bind No. VII, IX, X og II. 

— ge y » [HII]. 

— > » I-II. 

== eee » I-IV. 

Oversigt over Forhandlingerne, 1886. 

Den danske Kirkeinspektion. Lamentatio eccleciæ. Kirkens Klage- 

maal af O. Chrysostomus 1520. 

Kancelliets Brevbøger vedrørende Danmarks indre Forholde. 

BS 51 —55- 

IG 



DE 

- Prof. J. Steenstrup i Kjøbenhavn. Kjøkken-Møddinger — eine ge- 

drångte Darstellung dieser Monumente sehr alter Kultur- 

stadiens; mit 4 Ti. 

Det zoologiske Museum i Kjøbenhavn. Spolia Atlantica I. 

Die meteorologische Station in Minchen. Beobachtungen, Jahrgang 7. 

1885. 

Wochenlicher Witterungsiibersicht, 1885. 

Die Kgl. sachsische Gesellschaft der Wissenschaften. Gesammelte 

Werke von Å. F. Möbius, Band 2—3. 

Die. K. K. Anstalt fir Meteorologie etc. in Wien. Jahrbiicher, Band 

XXL, (1584. 

Do. zoologisch-botanische Gesellschaft in Wien. —Verhandlungen 

Band XXXV, 1886. 

Prof. Dr. F.C. Noll, Frankfurt a/M.+ Derimeodossbe GN 

Jahrgang XXVI—XXVII, 1886. 

Das naturhist. Hofmuseum in Wien. Annalen, Band I, 1886, No. 

je 
Prof. Dr. A. Kanitz, Budapest. Növénigtani Lapok; botanisk Jour- 

nal for Ungarn; Aargang 1885—86. 

Die botanischen Resultate der central-asiatischen Expedition des 

Grafen Bela Széchengi, 1885. 

Die Senckenbergische Gesellschaft in Frankfurt a/M. Abhandlungen, 

Band 14. 

Reiseerinnerungen aus Algerien und Tunis, von W. Kobelt. 

Bericht 1885. 

Der Verein fir Geographen in Wien. Bericht iuber das XI Vereins- 

jahr 1880. 

Der botån. Verein zu Sondershausen, Irmischia, Korrespondens- 

blatt des Vereins, 1885. 

Prof. Dr. Möbius, Kiel. Untersuchungen ber Enchytreus Möbi, 

von M. Michaelsen; mit lt. 

Untersuchungen uber die Integumente der Lophobranchier, von 

PI Sehutt: 

Der botanische Verein zu Landshut. (Oter Berchi) 

Gesellschaft fir Natur und Heilkunde. 24 Bericht der Gesell. zu 

Giesen. 

Der naturwiss. Verein zu Bremen. Abhandlungen, B. IX. 1886. 

Prof. G. vom Rath, Bonn. —Vortråge und Mittheilungen, 1886. 

Worte der Erinnerung an Prof. A. v. Lasaulx. 

Mineralogische Notizen. 
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Dr. K. Lampers. Die Holothurien von Syd-Georgien nach der 

Ausbeute der deutschen Polarstation, 1882—83. 

Der naturwissenschaftliche Verein in Greifswald. Mittheilungen, i:7ter 

Jahrgang. 13886. 

Die phiisikalisch-ökonomische Gesellschaft zu Königsberg.  Schriften, 

26ter Jahrgang. 1885. 

Der Verein fir Erdkunde zu Leipzig. Mittheilungen, 1884—85, mit 

Atlas. 

Der naturwiss. Verein fur Schleswig-Holstein zu Kiel. Schriften, Band 6. 

Dr. O. W. Beyer. Die Naturwissenschaften in der Erziehungsschule. 

Die naturwiss. Gesellschaft zu Giessen. Die Exstirpation der Schild- 

driise, von F. Fischer. 

Ueber die Tension der iiber fliissiger und der iber fester 

Substanz gesåttigten Dåmpe, von W. Fischer. 

Ueber die Compressibilitåt von Salzlösungen, von J. Schneider. 

Die purkinjeschen Faden im Herzen der Haussåugethieren, von 

R. Schmaltz. | 

Ueber die sogenannten Trachydolerite des Vogelberges, von 

JEAN. Ledroit. 

Prof (Gi vom Rath in Bonn. Ueber den Ausbruch der Tanavera 

auf New Zealand. 

Der Verein fur Naturkunde zu Cassel. Bericht XXXII und XX XII, 

1885—86. 

Die naturforsch. Gesellschaft in Zurich. Vierteljahrschrift, 26—290. 

Jahrgang 1881—384. 

Gewerbeschule zu Bistritz, Siebenburgen. —Jahresbericht 1885 —86. 

Het Genotschap Natura Artis Magistra.  Bijdragen tot de Dierkunde; 

13 Aflevering. | 

Professor A. F. Marion, Marseille. Annual du Musée d'histoire na- 

turelie de Marseille» Tome I. 

Musée royal d'histoire naturelle a Bruxelles. Bulletin, Tome IV. 

ee Dupont, Bruxelles! Lesiilés coralliennes de Roly et de 

Philippeville. 

Pave royaldes sciences de Liege:' Memoires, 2 Serie, Tome XII. 

M. E. Dupont. Sur les calcaires fraisniens d'origine corallienne de Ila 

Belgique. 

Sur le terrain devonien moyen de la Belgique. 

Note sur le devonien inferieur de la Belgique. 

Profes. Sidney J. Smith. Report on the decapod crustacea of the 

Albatros dredeting of the east coast of the U. 5. 1884. 

Reverend R. B. Watson, Scotland. Report on the Scaphopoda 

PO 
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and Gasteropoda collected by the Challenger expedition 

1873—76; with LIIT pl. 

Geological and nat- history survey of Canada. Ottawa. Geological 

maps. 

Rapport des operations 1882—84. 

Catologue of Canadian plants. 

Descriptive catalogue of the economic minerals of Canada. 

Meteorological Services af Canada, Torento. Report 1883. 

Monthly weather review 1886. 

Yorkshire Philosophical Society, York, England. Annual report 

1885. 

Cincinnati Museum Association. Annual report 18385. 

Boston Society of Natural History. Proceedings. Vol. XXII. 

Memoirs. Vol. TI No: ma. 

New York Academy of Science. Transactions, Vol. ITI and V, No. 1. 

Buffalo Society of Natural History. Bulletin. Vol. V. 

Academy of Natural Science, Philadelphia. Proceedings 1885 og 

1886. Part I 

California Academy of Science. Bulletin 1885. 

Nova Scotian Institute of Nat. Science, Halifax. Proceedings and 

Transactions) Vol VI. | 

The geological and natural history survey of Minnesota, Minne- 

apolis. The Geological of Minnesota, Vol. I; by N. H. 

Winchell. 

The geological and naturalhistory survey of Canada, Ottawa. Aus- 

kinft iber den Staat Canada fir deutsche Ansiedler. 

Mittheilungen iuber Manitoba und das Nordwest Territorium får do. 

A Report on Canada and its agricultural resources, by W. 

Freram. 

Australian Museum, Sidney. Descriptive catalogue of the general 

collection of minerals in the Museum. 

Catalogue of the Echinostermata in the Museum. 

Report, 1885. 

New Zealand Institute, Wellington. Detailed catalogue and guide 

to the geological exhibition, by J. Hector. 

Handbook of new Zealand, by J. Hector. 

The Royal Society of South Australia, Adelaide. Transactions, 

Proceedings and Report. Vol. VIII, 1886. 

I. W. Dawson, Montreal, Canada. The Geological History of the 

North Atlantic. 

) 
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New Zealand Institute. Transactions and Proceedings. Vol. VIII. 

Manual af New Zealand Coleoptera, by T. Brown. Part 3—4-. 

Ministerio di Agricoltura, Industria & Commercio, Roma.  Annali 

di Agricoltura, 1885 og 86. 

La Société imperiale des Naturalistes de Moscou. Bulletin, 1885—386. 

Meteorologische Beobachtungen 1885. 

Academia reali dos sciencias de Lisboe. Etude sur les Bilobites et 

autres fossiles des Qvartzites de la base du systeme silu- 

rique du Portugal, par J. Delgado. 

J. G. Hidalgo, Madrid. Sciencias naturales. Catalogo de los mol- 

luscos recogidos en Bayona de Galicia. 

Academia nacional de sciencias en Cordoba, Republica Argentina. 

Moleétin, 1885: Tome VII. 

Ministerio di Agrcioltura, Roma. Avifauna italica, par E. H. Giglioli. 

Meteorologiske Institut i Lissabon. Annali, 1883—84. Vol. XXI XXII. 

The Royal Physical Society of Edinburgh. Proceedings for the 

years 1850, 1866, 1874, 1876—1883 og 1885. 

anerSociety of Antiquaries of Scotland. Proceedings, Nio 

1884—85. 

Greenwichs Observatorium. Diagrams representing the diurnal chance 

of magnitude and direction of the magnetic forces in the 

horizontal plane of the observatory. 1841—76. By J. B. 

Airy. 

Results of the astronomical observations 1884. 

Introductions of the astronomical observations 1884. 

MheérRoyal Society of London. Proceedings, Vol. XXXIX—XL. 

Profes. W. A. Herdman, Liverpool. Reports from the Liverpool marine 

biology committe. Introduction and map. 

Report upon the crinoidea, asteroidea etc. 

Do. of the hydroidea. 

Do. of the nudibranchiata. 

Notes on the fauna of the Isle of Man. 

The conservative action of animals in relation of dynamical 

geology. 

John Hopkins University, Baltimore. University Circulars 1885—86. 

Vol. 5—6. 

Studies from the biological laboratory. Vol. II. 

Smithsonian Institution, Washington. Annual report 1883 and 1884. 

Publications of Ethnology. Vol. III by I. W. Powell. 

Leonhard Steineger, Washington. On Brachyramphus perdix, Pall. 

and its nearest allies. 
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The code of nomenclature and check-list of North-American birds 

adopted by the american ornithological union. 

Kathrine J. Busch. Washington. List of deep-water molluscs, 

dredged by the steamer Fish-Hawk 18380—382. 

Museum of comparative zoology, Cambridge, Mass. Memoirs. Vol. 

X, 2—3—4 

Do Volk: XIV No: 

Bulletin. Vol. XII, 3—6 og Vol. XII. 

Annual report 1885 og 86. 

The Cornell University, Ithaca N. Y. Library Bulletin. Vol. I og 

Vol. II, 5—8. 

Bulletin. Vol. II. The Cayuga flora, part I, by W. R. Dudley. 

U. S. coast and geodetic survey, Washington. Report 1883 - 84. 

Cornell University. The University register 1885—86. He 

U. S. geological survey, Washington. Bulletin, No. 3—27: 

Mineral resources of the U. S. 1883—84 by Albert Williams. 

Annual report, 1882—84. 

U. S. signal office. Washington. Report of the international polar- 

expedition to point Barrow, Alaska, 1884. 

Bulletin. Vol. V.+ 1885. 

The Fisheries and Fishery-industries of the U. S. by G. B. 

| Goode" Section NTE and 

U. S. Fish Commission, Washington. 

U. S. National Museum, Washington. Procedings. Vol. VIII—IX. 

The Geological Survey, Washington. Monographs. Vol. IX. 

Profes. A. E. Verrill, Washington. Results of the explorations of 

the steamer Albatross 1883. 



Indberetning 

til Generalforsamlingen den 21de April 1887 over Museets 

Tilstand i 1886, 

afgivet ifølge Lovens $ 5. 

I. Museets økonomiske Tilstand. Regnskabet for Regnskabs- 

aaret fra Iste April 1886—1ste April 1887 fremlægges. 

Af Regnskabet fremgaar, at Kassebeholdningen den 

Iste April var 1479 Kr., men hertil maa bemærkes, at 

flere Regninger, især fra Udlandet, ikke endnu er ind- 

komne og at der paa Bibliothekkontoen skyldes mellem 

5 å 600 Kroner, saa at naar Alt bliver betalt som angaar 

Budgetaaret vil der ikke være noget tilovers. 

2luseeéts Samlinger har været tilgjængelige. til de samme 

Tider som i alle foregaaende Aar, hvilket ogsaa gjælder 

for de offentlige Skolers vedkommende. Fremmede har 

fremdeles Adgang udenfor de reglementerede Tider. 

De fra Museets trende Afdelinger affattede Beretninger, 

betræffende Virksomheden 1 det forløbne Aar, oplæses. 

3. Bibliotheket. Bibliothekarens Beretning oplæses. Forteg- 

nelse over Gaverne vedlægges. 

le dlémmernes Antal. 120. 

Hale. åa) Revisorer: DHrr. Konsul Gade og 

Mægler P. Blytt. 

pDåeisorer: » —Bankchef Faye. | 

Konsul Christen Gran. 

D. C. Danielssen. Platou. Herman Friele B. S. Henrichsen. 

N. Nicoll. Ths. Angell. G. A. Hansen. 



E xtrakt 

af Bik pine Museums Regnskab fra Iste April 1886 til att Marts 1887. 

Indtægt: | 

Statskassens Bidrag 18%% KE NE 

Prændevins Bolaget > SSE TRE Je SERO000 

Sparebanken. 0 JA, OSL ST9N, NER 02 

Solgt Kataloger. .... 0001 å lade GT 

Kontmeent ++ peke ae Kle Ler 486.00 

Privatbanken plbassbek TL 5.70 

Kr. 25504.45 

U dett: | 

Konservator Hysing Gage 20 å dRrelgøee r 
vi sLorangé):» og: Statstilskud 990 18200009 

— Nansen HL Ltd Ne 

da Brunchorst» fra sté Juli. 17 >| sGøØ 

— Grieg » 10 12ø0.00 

Præparanterne Haaland, lknmer Dahl Ho føre 

Portner Øfthun: Gage (ør GbE 

Naturbist-Afdelmgø ". 204 Kr 3998. 15 

derfra Toldgodtgjørelse >» 860.83 3128.32 

Antikvariske Afdelng 5. SJ se 

Biølohne  MR 

Botaniske Allens SM 

bysækee 2 SEN 

Diverse Udølfter | » 1602.50 
Kassereren tilgode Saldo i f. A. Regnskab 0 3000 24025.42 

Kassabeholdning til Direktionens Disposition Kr. 1479.03 

Bergen rste April 1887. 

Ths. Angell. 
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